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DESIGN 
NOTES 


How C/R’s New 
Metal Bellows Seal 


Meets Seemingly Impossible 


Operating Conditions 


Operating Ranges 
Temperature 400° to 1000° F. 
500 psi 

80,000 plus 


Pressure 
R.P.M 


These known operating ranges indicate 
the function of this seal. It is designed 
for applications where temperatures and 
mediums to be sealed forbid the use of 
any organic materials. Typically, these 
applications include fuel pumps, com- 
pressor power units and turbine starters 
characteristic in rockets and missiles. 
Other applications include mechanisms 
which are exposed to a high level of 
radioactivity. 


Design Advantages 
The C/R metal bellows seal consists of 
a metal bellows — a welded homoge- 
neous unit which is secured at one end 
and a carrier ring in which the seal- 
ing face is mounted. The seal does not 
contact the shaft. It is stationary, and 
the only rubbing surfaces are the seal- 
ing face and mating ring. These surfaces 
are precision lapped to provide a pos- 
itive seal with minimum friction. At 
any given pressure, the seal can be de- 
signed to maintain proper and con- 
stantly effective face loads. It orients 
immediately to run-out and will resist 
any torques it is subjected to in opera- 
tion. The design has high end-play tol- 
erance: Chicago Rawhide engineers 
have deflected a bellows .100 in. for three 
million cycles at 1750 cpm and at a 


CIRCLE 201 ON READER SERVICE CARD 


temperature of 500° F. with no adverse 
effects. 

A further advantage is relatively light 
weight and compactness. The C/R metal 
bellows seal can be designed for min- 
imum axial and radial space. Axially, 
complete seals can be produced within 
a % in. cross-section. Radially, dimen- 
sions are comparable with conventional 
end face seals. 


The C/R metal bellows seal can also be 
designed with an extremely low coeffi- 
cient of expansion. The importance of 
this factor becomes apparent with the 
fact that in many applications the op- 
erating temperature may change hun- 
dreds of degrees in a very few seconds. 


Mediums To Be Sealed 
Virtually any known liquid or gas may 
be positively sealec with this design, 
depending upon duration or service life. 
From a practical viewpoint, the C/R 
metal bellows seal is the best design for 
the sealing of cryogenic and high- 
energy fuels such as LOX, hydrogen 
peroxide, fluorine and other missile and 
rocket propellants. 

Where possible, lubrication of the two 
sealing faces is desirable to prolong 
service life. However, the medium being 
sealed commonly acts as the lubricant 
and may be merely hot gas. 


Materials 
Sealing faces and mating rings for the 
C/R metal bellows seal are available in 


a variety of materials including carbons, 
carbides, ceramics and various alloyed 
metals for both high temperature and 
corrosion resistance. The bellows can 
be furnished in any of several metals 
and alloys such as stainless steel, Monel, 
Inconel X, Ni-Span C and other special 
alloy steels. 


Consult C/R Engineers 

Each application for the C/R metal bel- 
lows seal is essentially a custom-design 
and an intimate knowledge of all condi- 
tions to be encountered must be known 
by Chicago Rawhide engineers to pro- 
duce the correct combination of proper- 
ties in the seal. Then, whether you re- 
quire five, fifty or five thousand seals, 
Chicago Rawhide will design and pro- 
duce the correct seal to solve your 
problem. 


Helpful Design Data: 

We will gladly furnish you with a de- 
sign guide and space envelope data con- 
cerning the C/R Metal Bellows Seal 
Just write for Bulletin MBS-1 on your 
company letterhead. 





CHICAGO RAWHIDE 
MANUFACTURING COMPANY 


1237 Elston Avenue «+ Chicago 22, illinois 


Offices in 55 principal cities 
In Canada: Chicago Rawhide Mfg. Co. of Canada, Ltd., 
Brantford, Ontario 
Export Sales: Geon international Corp., 
Great Neck, New York 
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FEATURED: 


HOW TO SELECT MINIATURE LAMPS .. . 


Guide to the compromises you face in specifying small bulbs 


A R Gardner, associate editor 


BUCKLING CONDITIONS OF COIL SPRINGS . . 


Equations predict behavior of coil springs when compressed. 


. T M Lowery, Chrysler Corp 


ELECTRON BEAM WELDS IN VACUUM .. . T H Crane 


Expert tells how to design for this new process 


THE LAGGING PACE OF US INVENTIONS .. . F A Howard 


Statistics show we're not the great innovators we think 


POLYAMIDE-CURED EPOXY RESIN .. . P C Noy, Nicromatic Ltd 


What you should know about this important model-shop materia! 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Britons claim superplastic 

Cars getting nylon fuel systems. 

“Universal” lubricant coming up? 

Graphite combinations are stronger, more heat-resistant 
More on chemicals that affect meta! strength 


From Australia: a new one-shot camera 
Magnetostrictive machine-tool drive designed in USSR 
Tube-support brackets eliminate hand-made clamps 


Danes develop overload protectors for solid-state rectifiers 
Solid-state timer being developed for appliances 
New-type core cuts transformer size 30%. 

Bidirectional step motor works at up to 300 pulses per sec 


Portable interferometer for polished surfaces 
Speedy offset printer has plug-in colors 


Data needed to predict acoustic fatigue life 

How a sneeze led to better lighting. 

Engineers set to vacate posts in new Administration 

Lone inventor still counts, Patent Office says 

Industrial growth through research in Niagara area 

Science and engineering must be separated, educators told 
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Things happen fast to a rocketing missile. High-nickel Mumetal shields help tape recorders get it all down accurately. 


How Nickel helps record messages from space 


Wher 


a missile rockets off int 


ito space, sual ability of soaking up mag- 
t detects all sorts of data — tempera- n fields like a sponge. Thin, flat 
radiation, meteoric dust tne shields of Mumetal siphon off troub 
things we need to know i: esome interference 


I 
» conquer space 


» manufacturer also covers the 
transmi with more Mumetal 


magnetk as on th 


from getting inside. And ther 
tive Nick 


top ot 


> secretary el-chrome plating 
ecorde! 
ae ' ob Nicl Tiny magnetic head of tap: 
; : Mumetal shields to 
data side side ¢ oes. And something to keep in mind 
agnetic t , t ; 


le next time 


trap 
terference help Davies 
Minneapolis - Honeywe 


ttle 


you're faced 
probiem in your product or space. Nicks hre 
l n of all 1 7 

rammed inside the tiny hea 


high ) lov ver add d 


ce, and attractiv 


has to do with 
temperatures. 
se messages to come ¢ i 


lrab 

mn fatigue o1 
But there is a way to keep them factor, write us. We’d 
straightened out—by 


show you how Nickel, or 


using Mumeta 
i Nickel This alloys 


The International Nickel Company, Inc. 


one 


alloy has tl » May be able to help 


Wall Street New \} 
INCO, 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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ever got close to a college, Eli Whitney being the excep 
tion (he graduated from Yale). Experience was the 
most important step to success in 18th and 19th century 
America, and experience came by starting as an apprentice. 
Benjamin Franklin, for example, started school at the age 
of eight and two years later he was on the road, selling 
;oap—prior to becoming an apprentice printer. Joseph 
Henry was a storekeeper’s apprentice until he was 16 
years old—only then did he decide to enroll in night 
school. When he finally got to college it was as a lecturer, 
not a student. Cyrus McCormick never got past high 
chool; Edison didn’t get that far. George Westinghouse 
xromised his father he’d attend college and he did so 

The Wright family sent daughter Katherine 
ff to Oberlin while Orville and Wilbur remained in 


ror one yeal 


Dayton repairing bicycles and designing airplanes 


Bedtime Story 


Comfort has been the goal of people for centuries 


g 
Yet when we look back and observe how our forefathers 
attempted to reach this goal we may utter a word of 
thanks every time we recline in our easy chai The 
earliest beds were simply slabs of rock or clay covered 
with boughs or animal skins. Later, beds were made by 
nterweaving wicker and palm hbers; le ither thongs added 
esiliency 


might have been comfortable had it not been for 


his type was used by the Egyptians and 


wooden, saddle-shaped headrest that caused many a stiff 


Tit Ls 


During medieval days, protection at night must hay 
} 
i 


been the fad. So many pillows and bolsters were used 
the knight practically slept standing up \ sword was 

vays hanging on a bedpost so the sleeper could immedi 
itely jump from bed and defend himself. By the tim 
of the Renaissance 


comfort was secondary; art was th« 


thing. Beds and chairs were made of several dozen differ- 
ent woods—some inlaid with stone; others with metal 
Some beds were enormous monstrosities surmounted by 
the plumage of tropical birds 

Then, in the early 18th century, a revolution occurred 
Springs were applied to furniture. In 1706, an English 
patent was granted for “a mathematical instrument con 
sisting of several springs, for the ease of persons nding 
in coaches, chairs and other conveyances.” Years later, 
cabinetmaker Thomas Sheraton used springs in a “gym 
nastic chair his predecessor of the hobby horse became 
quite popular with equestrians who couldn't take to the 
fields in bad weather. He built his “gymnastic chair’ 
of “five waimscot boards clamped at the ends; to which 
is fixed strong wire 
twisted around a block 
in regular graduation, 
so that when the wire is 
compressed by thos 


who exercise, each 


turn of it may clear it 
self and fall within each 
other Like today 
engineer, he was con 
fronted with the prob 
lem of preventing hi 
springs from yuckling 
see page 62 He 
solved — thi by using 
layers Of springs sepa 
rated by thin boards in 
what may have been 
yur first “sandwich con 
struction 

Benedict A. Leerburg 


NEXT WEEK IN PRODUCT ENGINEERING 


Avoiding Metal-hose Failure 


All the possible causes of failure, and how to overcome them 


Challenge—the Speedup in Engineering 


A look at some of the trends that have developed so far, plus opinions on 


the future. 


Guide to Specifying Metal-powder Parts 


The cost of the part depends not only on the kind of powder, but on how much 


you can “dilute” it with air 


8 Ways to Guard Against Metal Whiskers 


When conditions are right, some metals breed tiny hairlike growths, which can 


cause short circuits or low impedance. 


Equations for 5 Tapered Cantilever Beams 


Calculating the stresses and deflections in these weight- and money-saving 
beams now require only simple algebra 
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KCP SERIES 


T SERIES KR SERIES 


three for dependability at low cost 


MEET P&B’s FAMILY OF "“K SERIES” 


Here are only three of a large family of “‘ K Series” 
relays by PaB. Blood brothers all, they are 
distinguished by fine craftsmanship and design 
maturity. ‘Together they will handle a multitude 
of switching requirements 


Many design engineers find it saves time, saves 
money to integrate their circuits with related PaB 
relays. Makes sense doesn’t it? 


KR A small, lightweight relay used widely in 
communications and automation. Engineered 
for long life and dependability SPDT max. AC 
or DC. (See engineering data 


KT—Designed for antenna switching. Capaci 
tance: 0.5 mmfds between contacts. Terminal 
board is glass melamine and stack insulation is 
glass silicone for minimum RF losses to switch 
300 ohm antenna line. 3 PDT max. AC or DC. 


KC—Low cost plate circuit relay with sensitivity 
of 125 mw per pole. Factory adjusted to pull-in 
on specific current values. Available open, her- 
metically sealed or in clear plastic dust cover 
with standard octal-type plug. 3 PDT max. DC. 


PaB STANDARD RELAYS ARE 


RELAYS 


KR ENGINEERING DATA 


GENERAL 
Breakdown Voltage 


Temperoture Range 


A 


Terminals 
Pierced solde gs 
plug-in headers a 

Enclosures: Type * 
Type P ce - 

CONTACTS 

Arrangements 

Material: 4" dia. fine 

the moterials ov 
lood omperes 
cous 

Resistance 


Power 


Duty 
Insulation entrif 


AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


i?) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Danes develop overload protectors for solid-state rectifiers 
Fast-acting overload fuses for silicon and germanium diodes | 
Lauritz Knudsen, Electrical Mfg Co Ltd, 53 Haraldsgad 


These are not stock items; they are engineered for the job 
savs Knudsen, to choose 


1AVe been developed ) 


Copenhagen 


It is especially important 
1 combination of melting time 
minimize stress on the diodes 

Knudsen claims the 


ind arcing time which will 


device how ¢ mplete ibsence of vol 


diode fuse melts “the arc voltage is established without transient kurthe 
more, says Knudsen, “it is usually possible to provide full 
without resorting to short-circuiting device 


Melting-time charts and 


pro or the diode 


oa . } aal 
other data are available in Ens 


Solid-state timers will control appliances 


An electronic timer without motors, cams, 


developed by Electronic Timers Co 


’ 
hn | components is bens 


i division of P R Mallory) as part of 


OF othe nie 


1 funda 


urt 
mental long-range program aimed at producing new control 

Ihe timer consists of an electronic clock that supplies 
intervals, solid-state switching modulk 


selector switches 


i voltag ulse at time spacer 
ind power amplife: 


programing 
In its present stage of development, the timer is far to 


general commercial 
ipplication—production « 


ost estimates run to about $10 t Mallory 
that the basic idea is sound and that a practical, econom 


for such equipment as automatic 


is confident 


) 
init can be developed 
washers 


Britons claim super plastics 


High strength, light weight 


ind heat resistance to 
made by Artrite Resins, Ltd of Surrey, En 


gland for the n I I t 
recently ['wo types have been developed; one for t perat | 


to reach the higher figure Littl 
they probably 


nhnoun 
th« oth 
they are; but 


ire synthetic organic resins analogous to on nd based, perhaps, o 
phosphorus and boron (PI May 23, p 10) instead of | carbon. Dr. Geors 
Ad Artrite research director vs the in be molded lik 


information 1s vé 


materials look lik 


phenoli pl stics (thermosetting mat 
high as 23,500 i at 1300 I 
1] | being dev lop d under 
ion. Savs Ader 


has vet 


One-shot camera designed in Australia 


CX] 
ind reuse 
niv fuse and fi 
vial ed ARG 
BABY CAMERA is pictured with 


lens cove emoved 
show fuse insert Device is 


assembled complete from just 


10 parts (including all fasteners and the film disk itself 


PRODUCT ENGINEERING ~- JULY 18, 


1960 








aor 

















+— 844 


Ol 





























1.094 | 


—o 
MTG. DIST. 





HERE’S ANOTHER GEAR GLEASON BUILT 
FROM FIRST DESIGN TO FINAL PRODUCT 
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Grinders are 

>» Minimize tri 

LET GLEASON MAKE 


RECOMMENDATIONS. Send 
id to ig 
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Magnetostrictive machine-tool drive designed in USSR 
A microfeed drive developed at the Odessa Machine Design Bureau takes advantage 
of the magnetostriction effect (the tendency of some materials—notably, nickelto 
expand and contract under influence of a magnetic field) to advance a cutting tool by 
small, precise increments 
The drive consists of a nickel rod centered in a magnetic Che rod is fixed to 
the machine-tool frame by two clamps, one at each end, so arranged that they will 
close independently in sequence. When one clamp is open, that end of the rod is free 
to move. If, then, the coil is energized, the rod will contract; and, when the current 
is turned off, the rod will lengthen towards the unclamped end, advancing the tool 
by a predetermined amount Ihe cycle can be repeated automatically, advancing 
the tool by the desired increment each time. 


Cars getting nylon fuel systems 


he all-plastic fuel system is still beyond the horizon; but the 196] Imperial and 8 
Dodge cars will have nylon fuel-filter housings; and the 1962 models 


is well, Spencer Chemical predicts. Easy to install, and requiring no special 


may have nyion 


connectors, the lines are simply }-in. tubing, cut to size as needed. Fleet tests show 


they are durable, and should be adaptable to many types of gasoline powered vehicles 


British offer new alloy-detector 

An instrument that distinguishes among nonferrous alloy iluminum, copper, and 
magnesium—on the basis of electrical conductivity has been designed in England. It’s 
said to operate accurately even if the surface has been anodized or painted, or if the 
pickup head is not squarely on the surface. It will also indicate the degree of heat 
treatment the sample has received, say its designers, Townson & Mercer, Ltd, Bedding 
ton Lane, Croyden, Surrey. 

The key element of the device, its sensing head, contains a coil which is, in effect 
the primary winding of a low-frequency rf transformer, while the sample serves as 
single, short-circuited turn that forms the secondary winding. As a result, the induc 
tance of the primary coil and its losses are directly affected by the electrical character 
istics of the sample under test. The sample reduces the inductance of the primary 


t 
i+ 


coil, so its tuned frequency rises; and increases the coil’s loss, so its efficiency drops 


lo measure these changes, the sensing head or primary coil is also part of an oscil 
latory tube circuit. The coil is in the grid, and the anode of this circuit is tuned to 
slightly higher frequency than that of the coil [his arrangement helps to maki 
the unit relatively insensitive to the distance between coil and sample 


As the frequency of the sensing coil—in the grid—increases, it tends to bring the 
anode and grid coils into line, and the grid-anode feedback increases until oscillation 
occurs; while a loss in grid-coil efficiency tends to retard this equalization process It 
is by combining the two effects that circuit constants can be arranged to compensate 
for uneven location of the head, or the “distance”’ created by a layer of paint 

. & M is marketing the unit in Britain for about $119, with standards, batteries 


{ and 
extra tubes available separately. 


“Universal” lubricant coming up? 


Can a lubricant be developed which will satisfy equally well the needs of heavy-duty 
gears for automotive rear axles, and the steel and bronze parts used in transmissions? 

Some lubricant manufacturers claim such a lubricant is already available as a pre 
mium product. But users apparently are not entirely satished They complain that 
additives often considered necessary for heavy-duty gear lubricants are frequently 
unnecessary, and even detrimental, for transmissions. For instance, R. E. Fletcher of 
Dana Corp says EP additives are not required for transmission gearing now in use and 
are discouraged because of their possible corrosive effect on bronze. 

Judging from comments at the recent API and SAE meetings, the problem of a 
common lubricant is still far from solved —ARG 
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Graphite combinations are 
stronger, more heat-resistant 


Graphite “ceramics,” containing ti 
tanium boride and molybdenum di 
silicide are about twice 
both tension ind 
standard graphite at room tempera 
ture, Boeing Air Further 
more, Ssa\ these 


ceramics develop a self-healing prote 


is strong—in 


compression 1 


raft reports 
Boeing engineers, 
tive coating when heated in air at 
ibove 2000 F. Composi 


under test contain 


temperature 


tions now ibout 


50 graphite, with 25 f each of 
the other components. 

Boeing emphasizes that data 
collected are not sufficient to 
structural design, but tests ar 


tinuing 


Data needed to predict 
acoustic fatigue life 


Presently available tests are not ade 


quate for predicting acousti 


life, H. ¢ 


Engineering 


fatigue 
Schelderup of National 
Science Co told the 
ASTM. And the greatest need right 
now 1s for 


mental mn 


1 body of reliable experi- 
theoretical 
Random fatigue 


which 
studies can be based 
curves now in use are based on cumu 
lative fatigue change and stress ampli- 
tude distributions that have not yet 
been fully proved 


There is reason to 


believe, he says, that equations now 
in use tend to distort the probability 

of high amplitudes and in 
probability of determina- 


tions indicating high stress 


crease the 


New alloys 
for research 


Metals melted in a shock tube and 
cooled at ultrahigh speed can be 
turned into highly unusual alloys, D1 
Pol Duwez of Cal Tech reports. With 
a technique he calls “splat cooling,” 
students working under his direction 
have produced, he says, the “first non 
crystalline metal,”’ an amorphous gold- 
silicon alloy; and several abnormal 
combinations of copper and silver and 
germanium and silver 

Owing to the nature of the tech- 
nique, which 


involves shooting the 
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molten metal against the inside of a 
refrigerated, spinning copper 
the alloys are produced only in the 


form of very thin foils. Duwez doubt 


wheel 


that the technique can be adapted for 
nything like large-scale use, at least 
in the near future. However, it should 
provide a wealth of material for 

rch, including new superconductive 
nd magnetic alloys 


More on chemicals 
that affect metal strength 


Che effects of organic compounds 
m the strength of metals can be good 
well as bad 

\ report last year (PE—Oct 12 
from Columbia School of 
Mines indicated that wetting agents 
of the type used in lubricants could 
ut the strength of copper wire to a 
fifth of its normal value at high load, 
nd double or triple initial creep rate 

Now, National Bureau of Standard 
reports other organic compounds hav: 
the opposite effect. Says NBS 

Coatings of long-chain polar sub 


5 , P 36 


tances (octyl and dodecyl alcohol 


ind amunes 


+) 


igue strengths of steel, magnesium, 


greatly increase the fa 


ind copper—beryllium alloys. On metal 
surfaces the polar compounds appar 
ently form tightly packed monolayer 
that act as a barrier to water and oxy 
gen molecules, with a strengthening 
effect that can range as high as 600 

Water and nonpolar compounds 
like benzene and xylene, on the other 
hand, did seem to decrease fatigue life 
when they had any measurable effect 
at all 

NBS notes that neither type 
ompound had a beneficial effect o1 
iluminum, titanium, and_ stainless 
steel—perhaps, NBS says, because of 
the tightly adherent oxide films that 
form on these materials 

\ report on the NBS study is being 
prepared for publication 


briefs... 


Silicon decreases corrosion resistance 


of cast iron rather than increases it 
as has been thought, Fulmer Research 
Institute reports. In cases where re 


sistance to corrosive wear was required 


it has been the general practice to in 
crease the silicon content toward the 
upper end of the 1 to 3% range nor 
mally used the latest Ful 
indicate that 2 to 24 


ilicon cast irons “have the least 1 


Howeve I, 


mer studies 


istance to corrosion by acids. A 
duction of the silicon ¢ontent to about 
can improve the corrosion resist 
ince several fold.” 
A report on the study may be ob 
tained from FRI, Stoke Poges 


inghamshire, England 


Buck 


Another nuclear alloy is 
Alcoa. Like the 80 

being developed br 
PE—July 11, 


igned to resist the corrosive effects of 


announced D 
bium a 
DuP mf 


p 10), this one is de 


} 
coium 


high-te mperature water and extend the 


permissible operating level above the 
present 450-I 


alloy, an 


limit. The new Alcoa 
improved version of it 
X8001 aluminum—nickel-iron comp 


ition, is said to be able to stand t 


l'emperature-indicating paints tha 
undergo multiple color changes at dif 
mperature 
} 


r 
»y Air Reduction Sal 


of a full line of tempera 


nt 


levels ar 


r¢ 
’ 
narket | 


iS part 
indicating paints and crayon 
wer the range from 104 F to 24 
Airco 


surfaces, and are unaffected by red 


says they can be used on 


ing atmospheres and most chemical 
ivailable 


Che paints come in 4-oun 


Crayons ar¢ in packages 
> , 
yand 18 


ind 1-lb cans 


Ductile chromium can be prepared 
elect lytic 


Mine 


mtent is held to 20 ppm, the meta 


methods, the Bureau 
reports; and, when nitrog 
an be hot-worked to rod and sheet 
und drawn to wire that is ductile at 
room temperature. The process open 

direct route to production of high 
purity material and paves the way for 
mechanical 


idditional physical and 


studies. Tests of the wire, in the 50 

worked condition show ultimate ten 
sile strengths in the 60,000 to 70,000 
ind elongations of 10 t 
25 A report (RI 5589) on the pro 


and on the tensile properties 


psi range, 


wire produced this way may be ob 
tained from the Bureau of Mines Pub 
lication Distnbution Section ARG 





Filigrette’’ lamps manufactured by A. & P. Irmischer Co., Chicago, Ill. 











How a little expanded metal 
can add a lot of sales appeal 


Expanded metal has become synonymous with quality in products 
suited to the application of a mesh, A quality that can set your 
product off from the commonplace . . . give it sales appeal in the 
market place. 

Often a touch is all that is needed, as in the case of the new line 
of lamps shown here. Called “Filigrette’’ by the manufacturer, 
they have gained distinction through the addition of Penmetal 
Minimesh expanded metal. This increased product identity is 
bound to turn eyers into buyers. 

There is no reason why your product should not have this 
sales advantage, too. Penmetal expanded metal can be bent, 
formed, cut, welded — without difficulty. Available in corrosion- 
resistant metals as well as carbon steel. For full details, send for 
a copy of Catalog 515-EM. 


PENN METAL COMPANY, INC. 
Expanded Metal Sales Office: P.O. Box 1460, Parkersburg, W. Va 
Executive Offices: 40 Central Street, Boston 9, Mass 
Plant: Parkersburg, W. Va. 

District Sales Offices: Boston, New York, Philadelphia, Pittsburgh 
Chicago, Detroit, Dallas, Little Rock, Seattle, San Francisco, 

Los Angeles, Parkersburg, St. Louis 


a name to remember 
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« 
Small Units for Big Jobs! 
EATON 


DYNA-ToRQ) 


MAGNETIC-FRICTION 
CLUTCHES and BRAKES 


Now Available in a Full Line 
from 13%” to 15” Diameter 


Eaton Dyna-torQ Magnetic-Friction Clutches 
and Brakes provide a simple, accurate, responsive 
method of controlling power and motion in 
today’s complex production and processing ma- 
chines. 


The smaller sizes and advanced design types of 

Dyna-torQ Stationary-Field Clutches and Brakes 

enable Eaton to offer a well rounded line, includ- 

STATIONARY-FIELD, ing flange-mounted and bearing-mounted clutches, 
BEARING-MOUNTED and replaceable-face brakes. Unique features of 
DYNA-TORQ CLUTCH design and construction result in worthwhile 
maintenance cost savings. Dyna-torQ units, easily 

Dyna-torQ Magnetic-Friction and quickly installed on new machines or existing 
Equipment Offers these plant equipment, deliver many highly desirable 


Important Advantages: advantages. 

Accurate power control 

Dependable motion control Send for this illustrated bulletin 
giving complete description and 

Rapid response specifications covering Dyna- 
torQ Stationary-Field Clutches 

“a a ee , ; 
Easy built-in”’ installation and Replaceable-Face Brakes. 
Low maintenance costs 


Compact plug-in type controls—may be 
remotely mounted 


Inter-changeability of parts 


Dyna-torQ Equipment is Available through Dynamatic Distributors in all Leading Cities 


DYNAMATIC DIVISION 
MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE + KENOSHA, WISCONSIN 


PRODUCT ENGINEERING + JULY 18, 1960 CIRCLE 11 ON READER SERVICE CARD 11 











FROM WASHINGTON ... 


Engineers set to vacate posts with new Administration 


‘op engineers and scientists holding key government positions will become vulner 
able with a new Administration. Although these technical folk traditionally shun 
politics—to the point where most of them can’t be definitely labeled as either 
Democrat or Republican—those of them who are appointed officials will submit 
their resignations when Eisenhower leaves the White House 

Some incumbents may be kept on by the new President, whether he be Demo- 
crat or Republican. But chances are that most of the men now holding office will 
be replaced, especially if the Democrats sweep into office 

Here are the top engineers and scientists who are political appointees: 

© George B. Kistiakowsky, top scientific advisor to the President. Dr Kistiakow 
sky replaced James R. Killian. When Killian returned to MIT, Pres Eisenhower 
tapped Kistiakowsky from Harvard to fill the post. Both men have shunned 
publicity arid acted strictly as advisor to the President 

eT. Keith Glennan, administrator of the National Aeronautics and Space 
Administration. Glennan was appointed from Case Institute to be the first director 
of the nation’s space program. 

© Herbert F. York, director of defense research and engineering. York has made 
a spectacular rise within the Pentagon since 1958 when he came to the Advanced 
Research Projects Agency. 

There is some evidence that York will be kept, regardless of which party wins. 

He is considered one of the ablest men available for the post 

¢ John B. Macauley, deputy director of defense, research and engineering. He 
is one of the two civilian deputies for research and engineering; the other is 
John H. Rubel, deputy director of defense, research and engineering. Rubel was 
appointed to this position on April 1, 1960. Both men can be expected to leave 
at the end of Eisenhower's term 

The three Service assistant secretaries for research and development are: Court 
land D. Perkins, Air Force; James H. Wakelin, Navy; and Richard S. Morse, Army 


\ new President will probably replace them with his own choices 


Post-election speedup of B-70 likely 


A speedup in the Air Force’s controversial B-70 bomber program can be expected 
after the elections, according to the latest predictions. Although Congress added 
$190 million to the $85 million the Administration approved for the project in 
this fiscal year, there are reports that Eisenhower is still cool to the idea of speeding 
up the program. He might very well impound the money until a new President 
is inaugurated. 

A Democrat President would surely pump more money into the B-70, and 
insiders are guessing that a Republican would do the same. 


Government engineers reap pay raises 


Government-employed engineers and scientists have been handed a healthy 74% 
pay raise. ‘his will bolster government efforts to get and keep top engineering 
ind scientific talent. ‘The new pay hike was vetoed by Pres Eisenhower but over 
ridden by Congress. It puts the starting salary up to around $6345 (GS-7) for the 
bulk of the engineers and scientists hired by the government 

Most of the thousands of such personnel employed by the government are 
lumped in the GS-12 and GS-13 brackets, now paying $10,255 to $11,935. Top 
positions pay more than $18,000 in super-grade categories. 
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After six months of corrosive glue... 


STILL 
FREE-FLOWING! 


STILL 
CORROSION- 
RESISTANT! 


STILL 
LEAKPROOF! 


Controlling the flow of a highly 
corrosive paste base fluid requires a 
valve that can really take it. In the 
Calfskin Processing Division of the 
Endicott-Johnson Shoe Corporation, 
Rockwood Two-Seated Stainless 
Steel Ball Valves Fig. 204 are giving 
top performance under this severe 
condition. 

These stainless steel valves pro- 
vide maximum corrosion-resistanc: 
against this type of fluid, and despit« 
its ‘“‘solid’’ nature there is no build- 
up thanks to full, round flow! 


What’s more, shut off is positive 


leakproof because exclusive re- 
tainer springs back up two Teflon’ 
seats . . . automatically compensate 
for pressure variations, wear, cold 
flow and temperature effects. 

This leakproof, trouble-free serv- 
ice is typical of the way in which 
Rockwood Ball Valves handle every- 
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thing from alcohol to asphalt, air 


to water glass. And you get these 


other remarkable engineering fea- 


tures too: smooth, full, round flow 


easy 4 


turn opening and closing; 

positive tight sealing without lubri- 

cation and longer wear resistance 
For from 
100°F to 400°F, Rockwood Ball 


Valves can be 


use at temperatures 


easily modified for 
cryogenics applications. Available in 


all pipe sizes from })” to 10”, there 
are 4 models for service up to 600 
p.s.l 

No matter what your piping re- 
Ball Valves 


lependable 


quirements, Rockwood 

assure you of fast-acting, 
service. Send coupon for more in- 
formation on today’s most versatile, 


corrosion-resistant ball valve 


ROCKWOOD 
BALL VALVES 


The Only Valve with 
FULL, ROUND FLOW 


—-e 
ROCKWOOD SPRINKLER DIV. 


of The Gamewell Co. 
A subsidiary of E. W. 
821 Harlow Street 
Worcester 5, Massac 


Bliss Co. 
husetts 
Send me illustrated booklet on tl 


complete line of od “Full 
Flow Ball Valves 


Rockw 
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-- BUY ALL 


When you're in the market for copper, brass or 





aluminum tube you can save time by making 
Wolverine your “buy” word. You obtain the product 
you need—made the way you want it— packaged 
to your exact requirements—and delivered when 
you want it. 


Anticipating customer demands, and having the 

equipment, know-how and skilled employees needed 

From to meet those demands, are all part of Wolverine's 
.1875" to . ; 

4.000” 0.D Tubemanship program. Wolverine customers can 

avail themselves of a wide range of specialized 


services in addition to various types of tubing. 


Wolverine, for example, maintains complete fabri- 
cation facilities—is able to fin, spin, bend, coil—in 
short to do just about anything tubing customers re- 
quire. From Wolverine’s constant research program 
has come tubing specially designed to help solve 


From 
.125” to 
2.000" 0.0 petro-chemical and petroleum processing, refriger- 


the problems of such complex industries as refining, 





ation and air conditioning—to name but a few. 


a a a 

For your convenience Wolverine maintains sales 
offices in 33 American cities. Complete information 
can be found in Wolverine’s General Products 
Catalog. Write for your copy—TODAY. 


Wolverine produces all three in a 
wide range of sizes and alloys, in 
straight lengths and coils, and in 
both finned and plain tube forms 


WOLVERINE TUBE 


DIVISION OF 


* Calumet Hecla, Inc. 


DEPT. C 17278 SOUTHFIELD RD., ALLEN PARK, MICH. 
Manufacturers of Quality-Controlled Tubing 


PLANTS IN DETROIT, MICHIGAN, AND DECATUR, ALABAMA. SALES OFFICES IN PRINCIPAL CITIES 
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FLEXURAL CREEP-TESTING machine processes 15 speci 
ner taneou ‘ onventiona!l equipment car 
re Y eT ts. t \ tt. 


Creep-tester Holds 15 
Specimens at a Time 


Inventor Still Counts 


Uni yf 

tux f ’ t Patent Offic 
vading 
| 


hum 


1] ] 
ICE 
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Research—Key to Industrial and Area Growth 


Orme 
hallm itk 


the w 


But 


‘ VEI ti will r enhan 
properties ft carbon. some > } } , ! 


1 year is going into the study 


vechanical and electronic pro 
f carbon at high temperatures 

ponsors ranging 
he federal government through he hic 
wvernment to National Scienc« ’ a 2 
ition and National Carbon ( 


1 complex of crackit 


nes and industrial 


The chemistry department 
gating for he Armed | 
ffect of low 


temperatures on synthet 
ubbers and at the 


tic 

Same time ittempt- 
ng to find l 
powe! volymer at red he 


But probabl m¢ 


pening 


ie Univ of Buftal 
Western New York Nu 


Center nearing completion 


yperative project embract 


lustry and the state 

rmment Universi 
ompani knowing the need 
npha is on nedicine, undertool 
ind the old nine the needs a, f Cornell c 
ng to expand th 1 nuclear cente1 were heartened which didn’t ex 
(his area today b DY outnght rirts everal local ’ 
firms to the tune of $375,000. With 
ee map). his as a base, $1] 


the Niagara Frontier—Ni t 


lest concentrations 
— , = 
in the nation million fror 


i 


ite and federal agencies 
d Erie Counties and the citi 


rara Falls, Buffal 
ranks eighth 


; Ss } nn 
ments for researc] rrowtl 100,00 


he building and its swim 


actor should be ready by ear 
projected initial resear 


Sponsoring 
s¢ irch and manuractulring 1d othe inl u 


partly from the universiti j tive mate! 


esearch groups in the forefror ba t 


LUSL 


breakthroughs in engineering 
GRAND ISLAND RESEARCH CENTER 
1¢ vast research and engineering 


} ] 
ies developing the new prod 


at represent the manufacturing 
lar volume of tomorrow; and from 
the new industries that have 


veloped in the area and aré 


nning to feel their way int 


i 1) il 


REACTOR FOR THE AREA 
ith a research budget exceed 


24 million, the Univ of Bufftak 


) rank 
among the top five research organiza- 
ons in the Niagara Frontier. And 


with the completion next year of its 


ai VI 


; 


wuclear research facility, its research 
budget should « 


continue to grow 
A large percentage—about 75 


n medical rese arch: h wever, physics 

hemistr engineering i DI properties 

ented. This universit justly proud molecule. 
} 


facilitic In addition t 
ind investigation of the rch 


n having one of the maj 
for the stud: researcher 
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ENJAY BUTYL 


IS TOPS IN ALL-’ROUND 


RESISTANCE TO TEAR 
AND ABRASION 


Enjay Butyl offers the } 
aged tear strength of ar 
ber ven after long exp: 
to ozone and heat! Its inhe1 
toughne > 81 s abrasive w 


} 
cn 


Bitcc ices! #8444 


RESISTANCE TO SUN- 
LIGHT AND WEATHERING 


Enjay Butyl has proven its re- 


sistance to ultra-violet light 
ozone, Oxidation, moisture and 
mildew. Increases life of prod 
icts such as weatherstriy 
garden hose, wading pools ar 
1utomotive parts. 
RESISTANCE TO CHEMICALS 
Butyl, because of its unique and extremely low 
of unsaturation, offers excellent resistance to 
e chemicals. The preferred rubber for tank lin- 
hose, seals, gaskets and other applications where 


ng chemical resistance is required. 


ViviD 
COLORS 


Enjay Butyl requires no addi- 
tives for quality coloring over 
a wide range of hues. Famo 
for colorability and smoot} 
finishes, Butyl has been su 
cessfully plastic coated fo 
special applications. 
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RUBBER 


PERFORMANCE 


ELECTRICAL RESISTANCE 
Enjay Butyl ys all vulear 


DAMPING PROPERTIES 


utyl shock 


tional energy more com 


absorbs and 


than any other rubbe 


ncy can be varied in com- 


> 


ling and processing Butyl 


IMPERMEABILITY TO 
GASES AND MOISTURE 


Enjay Butyl is tops in imperme- 
ability to gases and moisture 
retains air pressure 8 times bette 


than natural rubber. Outperform 


| for axle and body bump 
' other rubbers in such application 

lotor mount and sound- } 
as inner tubes, jar and bottle 

Ses and 





dening : ications 
z ipplic i nflatable goods Ho 


The outstanding properties of Buty] Rubber create new horizons for oe 
the designer, and offer to manufacturers an opportunity to utilize the 
qualities of rubber in applications never before possible. The unique 
properties of Butyl have led to vast improvement in many existing 
products. Technical skills will open the way to countless new uses. 
Buty! is the “idea” rubber with uses stretching as far as the imagi- 
nation can reach. We’ll be glad to tell you all about it. Just contact 
the nearest Enjay office. 


EXCITING NEW PRO HEM 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


»uUs THROUGH PETRO 
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continued from page 17 
uch as this sponsor industrial growth? 
lwo Frontier companies, employing 
me 1000 employees and with sales of 
many millions of dollars, received theit 
tart at CAL. One is a recent com- 
pany started by ex-CAL engineer! 
Walter Bird—it’s in the business of 
table rubber buildings. These ar 
Arcti 


radomes, campsites, and 


being extensively used in the 
egion for 


imilar purposes 


MOOG GROWS AND EXPANDS 


The other CAL “graduate” is Moog 
Se: vocontrol Inc, formed less than 10 
vears ago, based on a servovalve de- 
signed by William Moog while he was 
t CAI 
pressing interest in the new design 
Moog, with the blessing of CAL, set 
up facilities in his garage to supply 


With no manufacturer ex 


demands from the missile industry 
Today, 


ion business. 


the company does a $10-mil 


This young company is just now 
entering a period of organized re 
search. Previously, research led to de 
sign improvements on the initial serve 
valve—four major modifications in 1( 
vears. An industrial-products division 
has been formed and although its in 
itial product is the Moog valve it has 
been repaekaged for industrial use. But 
more important are the long-range 
plans of the organization. Moog sees 
three areas of growth and these are 
being actively explored: 

Design and manufacture of a serie 
of components for electrohydraulic 
ystems. These would be purchased 
ind used by a manufacturer 

Design and manufacture of com 
plete control systems on a contract 
basis for a manufacturer. 

Design of a complete proprietary 
ystem to do a particular job. 

Some 50 technical men are pres 
ently engaged in refining the com- 
panys products or doing research to 
improve the company’s position in the 
valve business. Ultimate goal is to 
reduce the 95%-5% military-to-civil- 
ian market to a 50-50 split 


OTHERS ADD TO GROWTH 


[hese four examples point up some 
of the advances being made in indus- 
trial and area growth in the Niagara 
Frontier. Many other companies are 
engaged in research. For example 

National Gypsum Co states it wa 


20 


manufacturing 20 products in the last 
half of 1958 which were not available 
it the beginning of the year 

Under a single roof, Westinghous 
Motor and Control Div 
Cheektowaga has facilities and engi 


plant in 


neers to conduct effective research and 
manufacturing of a wide range of el 
trical products 

Linde Co, Div of Union Carbid 


} 


Corp, is investigating the whole new 


technology of cryogenics along w 


ts many other research projects in th 
low-temperature field. Other Umion 
ow-temperature held 

Also important to the growth of the 
irea are the research facilities of 
Worthington, Sylvania, Bell Aircraft, 
Allied Chemical Corp’s National Ani 
line Div, Carborundum, Du Pont and 
Spencer Kellogg 

A totally different kind of research 
program—but equally important to 
the industrial and area growth—is 
being carried on by Niagara Mohawk 
Chrough its Area Devel 


opment Department, the power com 


Power Corp. 
| 


pany conducts a continuing program 
of economic research on the com 
munity itself. The data and informa 
tion on industrial facilities is spon 
sored to insure a continued sound 
economical growth of the communi 


ties it serves. 


TYPICAL 


Rio ~ . VRETHANE 


NOK “ © RESISTANT 


‘ 





SOLID-WALL WATER-FLUIDIZED, 
nuclear reactor model being studied 
at Cornell Lab is one of the many 
internally sponsored programs. Here 
fluid flow performance of solid- and 
porous-wall reactor is being compared 
Other internai projects include thermal 
expansion of ceramics, new communca 
tion techniques, silicon carbide fibers 
and others 


HOOKER 


RIGID POLYURETHANE 


FIRE RESISTANT 
FOAM B 





FLAMEPROOFING CHEMICALS stop burning of a rigid polyurethane foam 
Foams made of Hooker’s Hetrofoam do not support combustion. When chem 
ically activated, these alkyd resins foam and set, forming a rigid foam structure 


of preselected density to give exceptional insulating and electroni 


values 
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Educators Told to Separate 
Science and Engineering 


LAFAYETTE, Inp—The dangers inher 
ent in blurring the educational distinc 
tions between engineering and sciencc 
came up for sharp comment at this 
vear’s annual meeting of the American 
Society for Engineering Education 

Ihe functions of engineering and 
science are quite different and the 
training for them ought to be different 
if each is to carry on its role in the 
optimum way,” Dr V. Berkner 
President of Associated Universitic 
Inc, warned the group 

st vear, Berkner said 

ities graduated fewer than a 
thousand students with doctorates in 
Most engineer 


hold doctorates first got their degre 


~ 


engineerin who now 


g 
in science, then switched into engi 
necring. This approach burdens engi 
necrs with much training that 
less to them, though essentia 

And it fails to giv 
knowledge about materi 
reliability and other e1 
siderations that are n 
useful products 


Dr Berkner said that the 


degret should 


vert scientific ideas to 


bac he lor’ 
empha physi 


chemistry, mathematics 


neering problems that deri from 
With engineering 
problem-solving extended across the 


entire field of technolog, 


thes« scicnces 


students 
grasp the magnitude and applicabilits 
Specializa 
tion in a particular branch of engineer 


ing--chemical 


of engineering prin ipl 


mechanical etc 
me with th idvanced 
At the doctorate lev 
tinued, the role of resear com 
important. Research should be viewed 
as an opportunity for students to do 
creative and significant work, not a 
an opportunity for professors to obtain 
“cheap, captive and intelligent man 
power,” as is often the case today. D1 
Berkner 


centers for providing research equip 


urged creation of regional 


ment that is too expensive for ind 
vidual schools but necessary for stud 
of materials and other 


problems 


enginecring 


“The greatest problem in engineet 
Theodore von Kat 
man, founder of Aerojct-General 

told the ASEE, “is to find a 


wav to teach fundamentals of natural 


ing education,” 
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Measures Spring Fatigue 


Designed and built by Battelle Memorial Institute, this machine tests heavy 
truck springs in fatigue. Rated capacity is 12,000 lb. Machine is equipped with 
a load-sensing and cut-off mechanism that can measure loads either statically 
or dynamically, then stop at any predetermined load-loss lev 


} 


sciences, especially physics and chem 
istry, and how to apply these to create 


without increasing 


new designs—all 
the number of years in school 


Today, industry provides a sort 


} 


: 
ipprenticeship period during which 


the engineers learn how to make prac 
tical application of their colleg 
learned theor Engineering schools 


this to their students 


should teach 
Only if the schools solve this prob 
lem will the trend of students away 


from engineering toward science be 


stemmed 
Dr Frederick I 
of Purdue Univ, 


in the freshman 


Hovde, 


called for one cours 


president 


sophomor 
riculum that will require a complet 
personal and individual effort belong 
ing to the doer, not measured by 

room competition Such a cours¢ 
would face the students with the most 
lifficult of all problems 


planning and doing on his own * 


self-direction 


ARPA Spends for 
Materials Research 


IrHacA NY—Basi 


ience of materials will be 


research 


leading 
Advanced Resear 
ARPA) of th 


xpanded soo thre 
iniversiti< the 
Projects 
Dept 
lol 


] ] 
syity , : ‘TY ‘Y 
multi 1iOn-GOolia | rf 


ir sign mg-term contra 

Cornell Northwestert 

ind the iv of Pennsylvania 
wide interdisciplinary 


rraduate-student train 


ARPA  ofh 
$6.1 million dur 
ears of the con 
f this money, the 
Materials Science ( 
mm which it will adminis 
mtract. It will expand 1 


training of PhD experts in material 
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GRAPHITAR” carson-crapuite 


GRAPHITAR 


ca 28 6 O WN 


So RAPS iI 


THE VERSATILE ENGINEERING MATERIAL 
THAT POSSESSES MANY UNIQUE AND PRACTICAL 
ADVANTAGES FOR A VARIETY OF APPLICATIONS 


MINIMUM LUBRICATION REQUIRED— Because of 
the controlled porosity and non-melting nature of 
GRAPHITAR, the only lubricant GRAPHITAR 
bearings need is water or other low-viscosity fluid. 
Any such fluid with non-gumming characteristics 
will provide an extremely low coefficient of friction 
and assure long life of the GRAPHITAR parts. 


RESISTANCE TO CHEMICAL ATTACK—_GRAPH- 
ITAR has the ability to withstand the action of 
almost any chemical, with the exception of the 
most highly oxidizing re-agents in hot and con- 
centrated form. GRAPHITAR parts, for example, 
operate efficiently in steam, chemical and gas 
valves to provide a corrosion resistant material 
operating under the most adverse conditions. 


MECHANICALLY STRONG — GRAPHITAR will 
not warp or distort even in high pressure applica- 
tions. Compressive strength up to 45,000 psi and 
transverse breaking strength from 3000 to 16,000 
psi, depending on the grade. 


HEAT RESISTANT _GRAPHITAR is not affected 
by heat under neutral or reducing conditions. Tem- 
peratures of oxidation for most grades is approxi- 
mately 700 degrees F. In addition, GRAPHITAR 
engineers have developed a special oxidation 


resistant grade of GRAPHITAR that has been 


THE 


UNITED 


 GRAMIX” powoer merAtt 


exposed in an oxidizing atmosphere (air) of 1200 
degrees F. and after 200 hours, it showed a weight 
loss of less than six per cent. 


MOLDABLE—GRAPHITAR has excellent molda- 
bility properties that make possible and practical 
unusual shaped parts. Design requirements such 
as ears, face slots, and outside diameter notches 
can easily be incorporated into GRAPHITAR 
parts without secondary machining and finish- 
ing operations. 


MACHINING —The United States Graphite Com- 
pany operates an excellent finishing department 
to do all finishing operations to the most exacting 
specifications. GRAPHITAR may be ground to 
size or shaped with a tungsten carbide or diamond 
tipped tool to tolerances as close as .0005”. When 
surfaces require a high degree of precision in flat- 
ness, lapping and polishing equipment are em- 
ployed and accuracies within three light bands 
can be produced. 


LIGHT WEIGHT — GRAPHITAR is lighter than 
magnesium and is being employed increasingly in 
the aircraft and missile fields. The weight per unit 
volume of various GRAPHITAR grades is as fol- 
lows: 102.8 to 116.03 pounds per cubic foot, 
.0595 to .0672 pounds per cubic inch, .952 to 
1.074 ounces per cubic inch. 


STATES 


GRAPHITE PRODUCTS ° USG BRUSHES 
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GRAPHITAR’S many desirable 


characteristics make it the 
engineering material for such parts 
as rotary seal rings, pack 

pressure joint seals, bearings, 

fluid coupling seals, metal backed 
bearings (Graphitar inserts 

rings, pump liners and vanes. If 
you would like more information 
on GRAPHITAR, the ve 
engineering material, se 


Bulletin No. 20 toda 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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POINTS OF VIEW 








Holding a BSME and a BSAE from the Univ of West 
Virginia, Ray Borst’s first job was with the ITE Circuit 
Breaker Co and his next with the Product Research 
Div of the Budd Co. He says, “Four months later 
and my total work assignment consisting of three 
single-line graphs over this period) | quit to enroll 
in graduate school at Wisconsin. Here | expect to 
receive a MSME sometime next year. | believe, and 
in direct opposition to some of my professors, that 
the creative individual must have a broad back- 
ground. From this he associates rather wide and 
seemingly unrelated ideas, then rearranges them 
into new solutions. With this in mind you can under- 
stand why | want to take courses in mechanical en- 
gineering, engineering mechanics, metallurgy and 


mathematics.’ 








THE QUESTION: 


Is Today's Engineering 


Ray Borst is - voung man with a gripe. 
After worki h several industrial com- 
panies, he fee}: t management has failed 
to waken to the necessity for creativity. But, 
Borst say's, trowvle begins in our uni- 
versities. 


We teach engineering today by the same method 
that read’n, ‘rit’n and ’rithmetic were taught 30 or 40 
years ago—pure brute repetition. Yet the first condition 
necessary for creative thought is an unrestricted mind, 
the ability to conceive numerous possible solutions 
How can a mind that has been fed on repetition do 
this? Moreover, our so-called “best students’ are 
given the better grades for their ability to do dull 
repetitious calculations. This mistake is further pet 
petuated because it is these students with the better 
grades that go on to graduate school. Hence, the 
products of our graduate schools are not the creative 
individuals that we need. Instead, our universities 
reject the impatient, the enthusiastic, the ambitious 
individual. 

However, creativity can’t be taught to the uncrea 
tive masses of common people. Why couldn't half a 
dozen universities offer a low-tuition opportunity for 
these individuals to gather and study together? The 
only approach to this problem that has been demon 
strated is the University of Michigan’s design program 
one year beyond MS for those not wanting to do PhD 
research. As for curriculum, all that we now know 
about creativity wouldn’t make one good college course. 
Rather, the present basic courses—more of them over 
a broader base—should be taught, not to produce an 
answer by a step-by-step procedure, but to teach an 
approach to the problem and to search for a multi 
plicity of solutions. Also, this new system would cen 
ter around design courses—training creative engineers 
to be receptive to new approaches and solutions 

Since we measure creativity by results, I wonder if 
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ire talking about the right group when we speak 
creative engineer ccessful engineering proj 
+ 


ects are successful because an interested individual sees 


them through. It does not necessarily hold true that 
this system is the best or the most fruitful, but it is 
the easiest to administer and, for this reason, the most 
popular. Might it not be more accurate to count the 
number of ideas? The prolific creative individual will 
have many projects kicking around in his head at the 
same time. I doubt that an outstanding creative indi 
vidual can work on one subject for an extended period 
of time. Yet we reject this type of person who, with 
some assistance, could provide many more ideas than 
the “ideal” innovator 

| question whether industry wants a truly creative 
individual, J. F. Young of the Appliance and Mer 
chandise Dept, General Electric Co, in his paper, 


ASME pamphlet, 


discusses this point 


Developing Creative Engineers” 
Creative Engineering General 
Electric set up a program to try and develop creative 
inventive ability in young engineers. Young summa 
rizes their experience: “The graduates have been of 
two types. A small portion have possessed a very high 
degree of inventiveness and have been interested only 
in developmental phases of engineering. They thrive 
on new problems but have little interest in carrying 
through to a finished product once the method of 
accomplishing the result is known and proved. A 
second 


majority) type follows the objective of the 


program more closely.” This last statement leads me 
to conclude that GE and other industries do not want 
creative individuals. They apparently want people who 
can plod along at a slow, narrow-minded pace giving 
us crackthroughs rather than breakthroughs. 

Dr Finn J. Larsen of Minneapolis-Honeywell says in 
the article, “Are We Content with a ‘Crackthrough’?” 
PE—Mar 28, p 66) 
engineers who are assigned to explore the unknown 


. we do have a group of staff 
in engineering Staff engineers are traditionally 
But the creative individual is the 
young lad who doesn’t know why it won't work, doesn’t 


the older engineers 


want to know why it won't, because he is going to 
make it work. William D. McGuigan of Stanford 
Research Institute in the same article (p 65) says, 
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Education Giving Us Creative Engineers? 


ty ' ' mnet 
) 111LS Tipe 


, 
the educated salesme1 
ire turning out 
} . . 
that supervisin 
ide what projects wi 


30-vear-old dreamer i 


ind Development department 


] 
vill give vou s that 


£1 


products 
sible [his is where conservatism is 

[t is not on the part of the imnovator, 
tr management 


What we need is 


none of them over 35 or 40 


conference of young 

the present ripening 
f innovators. Let these individuals specify the 

ditions that are needed. They are your creative peo) 

they are the ones who are subjected to the em 

ment They will deliver your Breakthrough 
Further, I question whether we 

researchers are necessarily creative 

ittle education, or perhaps even better, a little experi 

ence, can run countless tests, add up the data and wnte 

the thesis necessary to obtain an advanced degree. It 

' 


to assume that no small portion of the 


Psy hologists 


is reasonable 
people in research work like their jobs 
have known for years that happiness is a function of 
the mental capacity of the individual and the amount 
of thought required by the job The truly happy 
individual is the person whose job requires just about 
as much mental ability as he is actually endowed with 
| wonder then if a brilliant person can endure the 
dull repetitious work involved with research for an 
extended period of time? 

Elmer Tangerman says in his article, “Creativity” 
PE—Aug 24'59, p 20), that a study showed “. . . crea 
tive people the architects, writers, and painters 
were most commonly without degrees.” I'll wager 
that, if you omit quasi-creative researchers, the creative 
engineer must be included with, and will undoubtedly 
head the class of, these degreeless creative individuals 
l'ake 50 dreamers and a staff of technicians to support 
them, and this group will make advances that will make 
the Russians appear to be moving backwards. They 
will give you more than Breakthroughs, they will 
you Smashthroughs 


g1VE 
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Plastics Hi-Lites 





New Housing Projects, 1960 Style 


Product builders achieve significant improvements with 


Pro-fax’ polypropylene 








BULLETIN 

WASHINGTON, D. C.... The Food & Drug 
Administration has issued a formal regulation, 
appearing in the Federal Register, authorizing 
the use of Pro-fax polypropylene in products com- 
ing in direct contact with all kinds of food. Pro- 
fax thus becomes the first packaging material to 
win approval through the issuance of a formal 
Food Additives regulation. Author of the success- 
ful petition was Hercules Powder Company. 
Hercules predicts widespread use of Pro-fax in 
food uses, including packaging films, molded con- 
tainers, coatings, liners and dispensers used in 
food handling. 





Plastic housings in all manner of sizes and 
shapes, used in an across-the-board list of prod- 
ucts, are among the first big developments of the 


60s . .. an exciting clue to things ahead. Mate- 
rials such as Pro-fax polypropylene are fast 
changing the face and function of many a prod- 
uct, lending new color and styling appeal, im- 
proved performance, and above all—lower cost! 
standards the 
achievements of today’s new materials border 


Measured by yesterday’s 
on the impossible: they provide high resistance 
to heat, moisture, household chemicals, foods 
and cosmetics. They offer rich color and are 
ideally adapted to the attractive styling requi- 
site for modern merchandising. Yet because they 
are low-cost materials, adaptable to rapid cycle 
injection-molding, they are priced right! 

No wonder that just about every new plastic 
housing project you see these days is a Pro-fax 


project. Here are a few of the latest. 





AROUND THE YARD 


A handsome Pro-fax housing is the new symbol of quality 
on today's modern power mower. An excellent example 
is this high-styied motor shroud for the 1960 Power-Matic. 
its beauty belies its rugged strength, for this sturdy hous- 
ing is virtually unbreakable and will permanently resist 
heat, moisture, gosoline, oils and greases. Molded-in 
mountings eliminate the need for metal parts in the as- 
sembly, providing a design that is completely corrosion- 
proof. In addition to the Power-Matic shroud, Amos 
Molded Plastics, Edinburg, Indiana, has designed, devel- 
oped and produced a series of similarly well-engineered 
Pro-fax mower housings for Power Equipment, Cicero, 
Indiana, and its value-conscious customers. 
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IN THE KITCHEN 


Pro-fax in the kitchen spells new convenience and satis- 
faction for homemakers. Knapp-Monarch’s Redi-Matic 
automatic can opener-knife sharpener features a gleaming 
white Pro-fax housing, and as a result is impervious to 
damage from staining and rough handling. The Redi- 
Matic automatically opens cans of all shapes, and sharp- 
ens knives of all sizes. Thanks to Pro-fax, it’s a luxury 
styled unit designed to blend beautifully with any kitchen 
decor. 


Molded by: Warren Molded Plastics, Cortland, Ohio. 


ABOUT THE HOUSE 


Fast becoming standard home accessories, vaporizers and 
humidifiers have gotten a big boost in appearance and 
function by the use of Pro-fax. The new Northern auto- 
matic vaporizer/humidifier (shown here) features a bowl 
and lid molded with Pro-fax, in contrasting colors, which 
combine in a compact, easy-to-carry appliance that is 
both useful and attractive wherever it serves in the house. 


Pro-fax bowl and lid molded by Cruver Manufacturing 


Company, Chicago, Illinois. 


IN THE NURSERY 


Modern style and top performance go hand in hand in 
Formulette’s bottle warmer. It’s molded with Pro-fax, of 
course, for a luxury finish plus resistance to heat and 
moisture, in a rigid, thin-walled, lightweight unit that is 
easy to handle, always safe and the ultimate in completely 
sanitary nursery equipment. 

Molded by Boonton Mold ng Company, Boonton, Neu 


Jersey, for Formulette ( ympany, Inc., Jamaica, New York. 


IN THE LUNCH BOX 


Breadwinners, too, enjoy the convenience and luxury of 
Pro-fax. The handle, jacket, and collar of Aladdin’s new 
Dura-Clad vacuum bottle, with its unique “Pitcher-Pour”’ 
handle, are all molded in one piece with Pro-fax. Pint-siz 
shown here in use) fits all workmen’s lunch kits while the 
quart size (appearing in the background) is designed to fit 
conventional outing kits. Both models are heat-, scratch-, 
and stain-proof. 


HERCULES POWDER COMPANY 


~ " . i 7 
900 Market Street, Wilmington 99, Delaware HE R € [ 3 Z S 
THREE NEW MATERIALS FOR THE PLASTIC INDUSTRY 
AX HIGH-DENSITY P ET ENE . PR FAX® POLYPROPYLENE t L CHLORINATED POLYETHER 
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| READER TO EDITOR | 





Patent Searchers 


To the Editor 
[ read “Patent Subclas 
Free Ideas” June 8) 
interest | agree with the isel 
the Patent Office to the design 
vever have had any part 
in using the patent system. My 
nethod in starting | 
i not-too-freq ut I 
1 patent search made in Was! 
Only then, after a careful exam 
if the patents, do I put pencil to 
may have one or more additional 
made as the design proceeds 
noney but is well worth it for 


] 
in 


insurance agains vasting 
Incidentally, it also h a com 
patent attorney when tl time 
to prepare 


= } 
mt think the hang 


eatly help the designe 


not be a good patent-sear 
vithout training and experienc« 
good law library would 
a good lawyer 
ALAN OSBOURNI 


Cabin John, Md 


Fuller Dogmatism 
lo the Editor 
We seceived your } 
ypuCT ENGINEERING and 1 
with R. Buckminst 


“ae 
ragraph is filled wit! 


ind ert ind is offered in t | 

logmatism Industrial desigt 

ll agree with the making 
eee 


hanges and the “planned 
I would say that th 


i ber 1¢ nationally recog: ae 
it believe in this theor 
Lal lesigne of today ot just 


I 


e nderstands material c 
Cooperation produces, —= costs of manufacture, and 
be | a, ai! wledge of marketing 
the final design ot EL CE =D | his work is to find genen 
Fi it ; | eptance, he must unders 
; . j hology of buying. To say 
When each component part is the best, the : , 
whole machine is right. Rockford Over ‘ie designer is just plain nonsens 
Center Clutches are the finest made for ; ~ ee 
crawlers, cranes and other heavy-duty 
equipment. If your equipment is in the y fuartinasliy enod..is not th 
design stage, let Rockford Clutch engi War f What ‘ 
neers help you select the best clutch 
Rockford Clutches in standard sizes suit 
almost every need. Custom models can 
be designed for your applications. Call or 
write for the Rockford Clutch Catalog 


yvomed when he become 


issuming that the designer 
nothing but style things that a1 


price ugliness? Have 
interiors of our homes and office 
made more pleasant because of styl 
practice of styling is not bad basi 
limiting, and that is all 
JosepH PALMA 
Palma & Knapp As 
River Fores 


t imply 


the Editor 


With reference to you 
ickminster Fuller (June 


— wt as it was I’m inclined 
ROCKFORD CLUTCH DIVISION TE CORS-WARNER statement made by 
ght. I’ve heard of 
und on during my lifet 


i Export Sal +} ing 
209 CATHERINE ST. et won hieiaaiial hinking 


ROCKFORD, ILLINOIS ame) 636 So. Wabash, Chicago, Il. It’s a sad commentary on our 
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life, however, that a man with such talent 
is unable to benefit mankind to his fullest 
apacity His Dymaxion-car project is a 
fantastic example of the type of thinking 
tl predominate in the minds of 
nvestors If the 
backed 


that must 
many 1utomotive in 
have i project 

] and advertised it as as they 
do their present products, we would prob 
driving air cars some other 
improved device by Instead, I'll 
predict that the Dymaxion car (or on 
similar to it) will be on the market within 
five years; and to top it off 
ibly be hailed as the 
design of the 
thirty 


To digress but a moment, | 


terests would such 


in 1932 well 
ibly be 


now 


it will prob 
most advanced 
Actually, we’ 


time 


century 
vears behind the 
have oftei 
wondered what would happen if peopl 
like Fuller were to receive the backing 
of people like Peron (wh ; said to be 
$700 Such an 


| no doubt 


worth around inilhon 


ymalgamation, while rare, woul 
ilt in tremendous benefits t 
kind Instead 


yrone fo 


man 
Peron and others like him 
ising their funds to 
in the vorid h Fulle 


like him strugg] 


reate 
t 


ondition 
id and unt 


American Products 
Not Maintainable 


COMING EVENTS 
AUGUST 
1-3 


4 (, 


SEPTEMBER 


6-16 
Build 


mS tv of Mecha 
f rs jointly with AIChE, AIEI 
und ISA; ‘ 
n Massachusetts Institute 
Cambridge, Ma 


Standards Eng rs Society 


eting, Hilton Hotel, Pitts 
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Joint Automatic Control 


WALDRON 
High 
Misalignment 
Series “X”’ 


7 .. On 


MAX. BORE| MAX. BORE 


COUPLING] H.P. PER | RIGID HUB 
SIZE 100 R.P.M, a7 
1'4x 3'4 1% 
2x 12 2" 
2'AXx 26 2% 
3x 50 
3'Ax 86 
4x 130 
4'Ax 210 


The Series X coupling is specifically de- 
signed for transmission of power in ap- 
plications where shaft misalignment is 
too great to be handled by a standard 
gear coupling 

Each coupling assembly has two rigid 
hubs, mounted on drive shaft and driven 
shaft, each connected to a one piece 
sleeve by a spline used for driving pur- 
poses only. This spline extends only a 
portion of the hub length, and the re- 
maining length of the hub is a turned 
surface which fits snugly into the counter- 
bore in the sleeve to provide a suitable 
bearing surface. These two sleeves are 
connected by a floating shaft on both 
ends of which are mounted flexible hubs 


Write for Catalog 


WALDRON ||) | ouplings 
Mi) 


BOX 791, 
SALES REPRESENTATIVES FROM COAST TO COAST 


GEAR HUB 


with gear teeth of unique design which 
permits misalignment up to 5 

Series X couplings are easy to dis 
mantle and reassemble. By backing off 
the set screws, the sleeves can be disen- 
gaged from the rigid and flexible hubs 
Specially designed seals and steel pro- 
tecting rings are held in place in the 
sleeves with Spirolox rings. End portions 
of the gear hubs are tapered for easy 
reentry of the seal in reassembly 

All load carrying parts are machined 
from high strength alloy steel. Floating 
shafts to customer specifications have 
nylon plugs inserted in each end to limit 
axial float and to prevent damage to 
the lathe centers of the roll shafts. 


WALDRON - HARTIG DIVISION 


MIDLAND-ROSS CORPORATION 
NEW BRUNSWICK, N. J 
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Now! Pay less 
for fractional H.P. 
Induction motors 

with this new 

lower cost 

Howard model 


Howard offers a complete lin 


For typewriters, Business Machines, 


Tape Recorders, Record Players, Appliances... 
Quality construction and performance 
at Lowest Prices! 


P rfor ml ANCE 


Sturdiest fram 


Howard now has the privilege of offering this 
powerful new top quality induction motor at almost 
shaded pole prices—an opportunity affording 

trey endous economies for manufacturers of a wide 
range of products. If you have an induction 
application in the works or a project in mind, send 

us your specifications and we'll rush you a sample 

Check its construction and performance 

then note the price. This is an extraordinary value Write for samples and prices on this 
demanding your attention. Contact us today new cost-cutting induction motor 


PRODUCT ENGINEERING - JULY 18, 1960 





RATINGS FROM 1/1400 TO 1/4 H. P. 


Shown below 


is a representative selection of the Howard torque and servo ¢t 
induction line 


ypes is available for quick deliver 
A wide range of standard motors and 


Send us details of ir application—check with Howar 


yu) 
ariations in syn hronous, non-sy nchronous, hy steresis 


ay 


MODEL 2900 

TYPE: 2 Pole, 4 Pole, 6 Pol 
Induction 

DIAMETER: 3-5/16 MODEL 2500 MODEL 9200 

LENGTH: 4-25/32 5-2 i TYPE: 2 pole or 4 pole induction TYPE Juctio 
ing DIAMETER: 2-916" scuore 
5-5/16 6-316 . . 

H.P.: *1/70 te 


before you spec ity 


4,6 < B ; 
opacitor ’ 
LENGTH: 1-7. 8" to 2-3.8 . 1/250 + 
7 QV ° 
SPEED: *1200 to 3600 R.P.M 
FULL LOAD T VE O2 "7 
BEARING f 


mittent duty 
H.P.: 1/300 to 1/1400 R.P.M.: 900 to 3600 
. > ancemenda MAXIMUM TORQUE OZ. IN.: *1.6 to 3.5 MENSIONS: 2.7) 
sealed an ‘ BEARINGS 


*Ball or sleeve 
sed e 


to 4-13/32 
“Dependent on 
tor Motors 


type of motor used, ie MOUNTING: Pod 
Ne Sy s Capacitor Motors tended bolts 
tors, Hyster Torque Motor Stondord BEARINGS: Porc 
rave Motors tors, Hysteres beorin Ive 


ys ove 


nchror 


Synchronou 
M 





s Synchronous Motors 





H.P. Induction Motor 


MODEL 3700 

TYPE: 2 Pole, 4 P 
Induction 

DIAMETER: 3.7.8 
. 5.) 


e 


16" + 
H.P.: *1/25t0 1/7 
STARTING TORQUE 
in 
BEARINGS: Porous 
reservoir 
“Dependent on 
Normal induct« 
chronous Motor 


HOWARD INDUSTRIES, INC., 1750 State St., Racine, Wis., Telephone ME 2-2731; Teletype: RAC344 
Sales Offices: 


? 
Representotives in Principal Cities— Consult Your Clossified Phone Book 


Eno ELECTRIC MOTOR CORPORATION & CYCLOHM MOTOR CORPORATION (cs) LOYD SCRUGGS COMPANY 
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Specify 
SPECON for Germans design 
ee. tip tipoff 


An anti-topple alarm for trucks, 
, tractors, construction and min 
» / : ing machinery, and agricultural 


equipment has been designed 


% “in in West Germany, and is avail- 

2 able for export. It provides 

os mA 2 fii both an optical and acoustical 

700 signal—the former by mean 

of a small indicator gage 

= mounted on the dashboard; the 

(©) latter by connection to the ve 

Y hicle’s horn. A signal light can 


also be provided. Furthermore, 

. : says Siegfried Riefler, Nessel 

electrical and mechanical -_ . ' 

wang/Bayern, Postfach 

West Germany, the unit can 
be preset to warn at the prop 
ingle for each vehicle; and 

9 Plumb bob is tamperproot 

ANTI-TOPPLE ALARM uses clamped, weighted horizontal 

balance as reference to indicate degree of vehicle tilting 

As the diagram indicates, vertical and horizontal position 

ing of the unit with respect to the axle is a critical factor 


For YourR INFORMATION (persona!) 











nant 


pe s 


Help for the harried homeowner 

Building, buying, or bolstering the old homestead? The Government Printing 
Office has 57 varieties of publications, priced from 10¢ to $3.50, but 
the 10¢-75¢ range to help out. Examples 

Heat-loss calculations (54 pages) 40¢ 

Painting, repairs and utilities (147 pages) 40¢ 

Modular coordination (29 pages) 25¢ 

For a free list of government publications for | 


homeowners and 
accuracies of .01 write GPO, Washington 25, DC 
rque at zero speed 


most in 


from ¥2 to 75 hp. 

output speed ranges: 

0-100 to 0-7000 rpm 
thly adjustable 
igh zero speed 


; Time marches on—electronically 
just some of the 
3 characteristics of 
variable speed drives 
liable and requiring 


Wrist watches without springs or escapements—lacking, indeed 
troublesome conventional parts—can be on your gift list this fall. hes 
electronic” watches. They'll be battery-operated; but, unlike th 
introduced “electric” watches, they'll sport solid-state circuits in place of th 
mem agai NS conventional watch mechanisms. At least one company has several prototype 


all ahi out on test; and there may be others before the fall deadline nears 
ng fixed gearing 


mai. enance, they permit 
ne adjustment of 
ed 


rives also feature 
starts and acceleration, P . . 
pre gratis ' Now they’ll write in the dark 
, and provide itput 
7000 rpm while 


\ ball-point pen that carries its own miniature light bulb and battery 
ng zero speed feature 


imported from West Germany by Hoffritz for Cutlery. It’s not quit 
long; about half an inch in dia; takes a 1.5-v miniature bulb and “C’ 


[he front end of the barrel, of transparent acrylic plastic, pipes th 


STRATOS to the job. The light goes on automatically when the point is extruded; bi 


eens ieee tae comet ee 1 switch in the barrel makes it possible to turn it off for “day writing.” 
INDUSTRIAL PRODUCTS BRANCH available in gold or chrome finish Price: $4.95, postpaid, with bulb and 
#42, Route 109, West Babylon, N. Y. battery. Ballpoint refills, plus bulb, are $1 per package. 


Note: For engineering applications of miniature lamps, see page 57 
a on —ARG 


N 


r FREE data booklet 
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stainless steel 


No other metal has the strength and beauty of Stainless Steel. In heavy use areas 


; ; 


and for weather exposed panels and trim, its hard lustrous finish is easy ‘to clean and 
economical to maintain for the life of a building. For the architect and the builder 


no other material performs so well today and promises so much for tomorrow. 
here is nothing like stainless steel for ARCHITECTURE 


McLouth Steel Corporation, 
rs Detroit 17, Michigan 


- 


ok for the STEELMARK 


on the products you buy 


VMICLOUTH STAINLESS STEEL 


Manufacturers of high qua 


Stain less and ( arbon Sfeels 





you 


i 


(MO 


(including Hawaii and Alaska) 


Whatever your job, wherever it takes you, you'll 
always find a Ford Dealer nearby to give quick 
assistance in solving any industrial engine problem. 

Because this world-wide network of Ford Dealers 
offers speedy parts delivery and can arrange on-the- 
job service, your downtime costs are held to a mini- 
mum. Because Ford Dealers carry a stock of normal 
replacement parts, you need never invest in a large 
parts inventory of your own. 

Also ready to serve you from coast to coast is a 
network of Ford Industrial Power Headquarters. 
They have the facilities and experience to repower 
your equipment, regardless of make, with a depend- 
able, low-cost Ford Industrial Engine or Power 
Unit. Ford engines range from 134 to 534 cubic 
inches, including three highly efficient Ford diesels. 


Asa bonus, all Ford engines offer a higher horsepower- 
to-weight ratio than ever before possible. 


To get the right engine for your application, call 
or visit your Ford Industrial Power Headquarters. 


INDUSTRIAL ENGINES 


AND POWER UNITS 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 





a West of Rockies write to: 





——> FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
—> FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 
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News! The best features of 
modern bearing design combined and refined in 


SELF-ALIGNING ROLLER 
BEARINGS BY LINK-BELT 


1G, mirror-smooth convex rollers 
B plus heavy, broad-shouldered in- 
ner race plus centrifugally-cast bronze, 
precision-machined retainers! Only 
from Link-Belt do you get ALL that 
is best in modern bearing design. 

Individually, these elements repre- 
sent major improvements on accepted 
design concepts. Collectively, they con- 
stitute the most efficient spherical roller 
bearings available . . . promise un- 
equalled economies, whatever the ap- 
plication. 

Your Link-Belt office will gladly 
explain the many performance advan- 
tages evolved with this new design. It 
can furnish full data on industry's most 
complete line of ball and roller bear- 
ings . . . pillow blocks and flanged, 
flanged-cartridge, cartridge, and take- 
up blocks. 


LINK{@}BELT 


MANUFACTURERS OF SELF-ALIGNING 
BALL AND ROLLER BEARINGS 


LINK-BELT COMPANY: Executive Offices, 
Prudential Plaza, Chicago 1. Plants, 
Sales Offices and Distributors in All 
Principal Cities. 14.8124 


BIG, HIGHEST-CAPACITY ROLLERS. Each HIGH, HEAVY INNER RACE FLANGES PRECISION-MACHINED, CENTRIFUGALLY- 
bearing has a maximum number of rollers present convenient hold for assembly and CAST BRONZE RETAINERS have many times 
—as large as possible, yet all components removal of bearing without cutting awa more support and ability to withstand 
are in optimum balance. shaft, avoid any need to skimp on shaft high stress. They are not stampings. De- 

shoulders. sign assures maximum bearing efficiency. 


A 
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PROBLEM: Need 15 hp and up to 3:1 continuous speed variation with 
equipment running 


SOLUTION: For horsepowers from ¥ to 15, use Worthington Motor Pulley 
drive with Anglematic motor base. The Anglematic motor base allows con 
tinuous speed control while maintaining belt alignment. It keeps the motor 
pulley design simple, trouble-free; two-piece companion sheaves have separate 
hubs and the 2 ‘‘Golden Screws” for easier, more dependable installation. 








PROBLEM: Need less than 2:1 speed variation on 500 hp installation, 
with equipment running 


SOLUTION: Use the motion control Multi-Pitch sheaves. For fixed center 
drives and maximum variation, use a double motion control drive arrangement 
For applications not requiring speed changes with equipment running, choose 
the less expensive stationary control Multi-Pitch sheave 





VARIABLE SPEED PROBLEMS 


You need, of course, just one right answer to any variable 
speed problem. But if your answer is based on a choice 
from four stock Worthington variable-speed drive types 
and their hundreds of standard variations, chances are 
your final solution will be the best one. Certainly, you'll 
get compact design, accurate speed control and long 


Motor Pulley and Multi-Pitch Sheave drives require companion sheaves 
Both types of Worthington companion sheaves are equipped with the 
famous QD hub with the “Golden Screws” for permanent alignment 
and prevention of key drift. For longest belt life, select Worthington- 
Goodyear belts. 


4 — 








PROBLEM: Need 150 to 3000 rpm stepless speed variation while equip- 
ment is running 


SOLUTION: Use Worthington Allspeed Drive that can give up to 20:1 
speed variation without stopping equipment. Compact design has straight 
through shaft for very simple installations with direct or other couplings. A 
skeleton frame or enclosed frame, in horizontal or upright types make in- 
stallation even more easy and compact and any frame can be at any angle. 








PROBLEM: Need automatically controlled speed variation as high as 10:1 
in continuous process 


SOLUTION: use sensing or monitoring device that converts production 
variations such as pressure, temperature, time, speed or liquid levels—to 
pneumatic pressures. Connect it to Worthington Variable Speed Motor drive 
equipped with pneumatic cylinder that actuates speed variation in direct 
proportion to any change in input signal. Electric, lever and remote hand 
controls also available. Horsepowers from 4 to 25 





..» FOUR STOCK ANSWERS 


equipment life—all at a very competitive cost for the job 
‘ou want done. 

To help you, Worthington variable speed drive catalogs 
contain complete “how-to-figure-it” engineering informa- 
tion, as well as product information. You can get them 
from your nearest 
Worthington repre- 
sentative or distributor 
listed in the Yellow 
Pages. Or use the cou- 


pon at the right. WORTHINGTON 


WORTHINGTON CORPORATION 
Section 79-31, Oil City, Pa. 


Please send me your new catalogs on the following variable speed drive 


components 


Multi-pitch Sheaves ] Motor Drives 


] Motor Pulley Drives (1 to 15 hp) ] Alispeed Drives 


Motor Pulley Drives (Fractional hp) [] Variable Speed V-Belts 


COMPANY 
ADDRESS 


CITY AND STATE... 








NEW SMALL MAGNETIC STARTER 


COSTS LESS, SAVES SPACE 
ON LOW-HORSEPOWER JOBS! 


Square D NEMA Size co 
Starter Rated % to 2 Hp 
for 3-Phase Service 


e You no longer need to buy more 

starter capacity than you can use for low- 

horsepower jobs! This new Square D 

thal . Size 00 starter is compact, easy to in- 

NEMA SIZE 99. stall, simple to use and maintain—and 

a pall it costs 18% less than the Size O starter 

i SY Ses pe you formerly had to specify to get the 

eae] advantages of magnetic control! With 

ene a Soa no sacrifice in quality, this new starter 

ae momma LI SOMPANY provides: straight-through wiring — 

eee pressure-type terminals— 1-piece over- 

load relays for complete motor protec- 

tion— pushbutton or selector switch 

optional in the cover. Also available 
without overload relays. 


——t WP. Rating 


eres 
tJ 


i 
Fn 
. 


GET THE COMPLETE STORY! Write for Bulletin 
SM-297. Square D Company, 4041 North 
Richards St., Milwaukee 12, Wisconsin. 


New starter is available 
either open or in NEMA 
Type 1 enclosure. Enclosure 
shown with selector switch 
in cover. 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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»» CONTINUOUS PROCESSING 


CAMBRIDGE METAL-MESH BELTS help you beat today’s profit 
squeeze—-give you the low-cost production and high product 
quality needed for the competitive ’60’s! 


Combined movement and processing means metal parts, foods, 
ceramics or chemicals are processed faster, more uniformly—with- 
out costly manual handling. High product quality is maintained 
because heat, cold or liquids flow through the belt and around the 
product for thorough treatment. Cambridge Belts save on operat- 
ing costs, too. Superior belt design and manufacturing techniques 
mean longer life, fewer repairs, lower operating costs. Belts can be 
made heatproof, coldproof or acidproof—in any mesh, weave, 
metal or alloy—-with any side or surface attachments. 

Whether you're designing machinery for your own use, or for 

resale, the Cambridge Field Engineer in your crea will be glad 

te discuss the many advantages of Cambridge Belts—from the 

manufacturing end to installation and service. Call him today. 


He's listed in the yellow peges under “Belting, Mechanical”. 
Or, write for FREE 130-PAGE REFERENCE MANUAL. 


The Cambridge Wire Cloth Co. 


DEPARTMENT P . CAMBRIDGE 7, MARYLAND 


Manvfaocturers of Wire Cloth, Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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(IG PIEGHUR Aa liquid silicone rubber 


New low viscosity for easier 
encapsulation and impregnation 


General Electric silicone rubber used extensively by Aecrojet-General 
Corp. for the Titan ICBM’s propulsion-system wiring harness. Tubing 
is heat-cured silicone rubber, molding G-E RTV and wiring insulated 
with silicone rubber — all chosen for their stable insulating prope: 
ties, resistance to temperature extremes and weathering, and stability 

The latest addition to General Electric’s RTV oe ee 

family offers lower viscosity than any other avail- 

able silicone rubber compound —a typical vis- 

cosity of 120 poises. Easily pourable, it flows 

freely in and around intricate contours, making 

it ideal for protecting electrical and electroni 

components. 

With RTV’s new low viscosity, the range of 

G-E RTV compounds now extends from 120 to 

12,000 poises. You can now meet your specific 

requirements by selecting from several G-E RTV 

compounds, all of which offer room temperature 

cure, heat and ozone resistance, and good elec- 

trical properties. Write for a free test sample, 

briefly describing your application. 


Sight amplifier module potted with RTV by the Armament and Control 
Section of G.E.’s Light Military Electronics Department. Used on 
the Lockheed CF-104 and F-104G jet aire raft, RTV provides me- 
chanical support and vibration damping, protects unit against mois- 
ture and ozone. (Bottom photo shows module before potting.) 


High-voltage, high-altitude transformers from Laboratory For Elec 
tronics, Inc. are encapsulated with General Electric RTV to meet 
MIL-T-27A specs. This prevents flashover at maximum ratings of 
2200 volts rms and 80,000 feet. General Electric RTV was selected 
for its good heat transfer, low viscosity and mechanical strength. 


GENERAL @@ ELECTRIC 


Silicone Products Department, Waterford, New York 
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KOHLER ENGINES 


Reliable power for 
quality equipment 


The name KOHLER, recognized and respected the 
world over as a mark of value, is your assurance of un- 
divided responsil ility and top performance. 

Kohler engines are rugged, quick-starting in all 
weather, conservatively rated. Short stroke design gives 
maximum usable power, cuts engine friction. 

Sold and serviced through a nation-wide organization, 
Kohler engines are increasingly being installed on a wide 
variety of construction, agricultural and industrial 
equipment. They power Kohler electric plants, known 
everywhere for reliability. 

4-cycle ' Kohler Co. has manufactured internal combustion en- 


Short stroke gines for 40 years. 
Air-cooled FROM 4 TO 24 H.P. Write for illustrated booklet. 


Kouter Co, Established 1873 Kon .er, Wis. 


KOHLER os KOHLER 


ENAMELED IRON AND VITREOUS CHINA PLUMBING FIXTURES ©« BRASS FITTINGS « ELECTRIC PLANTS « AIR-COOLED ENGINES © PRECISION CONTROLS 
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The new Ledex Digimotor is a step- 
ping motor or indexing device with 
exceptionally high reliability and 
torque-to-size ratio. Its new design 
concept gives it features never before 
available. Size 5 stock models come 
in a variety of shaft positions and in 
any duty cycle within a wide operat- 
ing voltage range. It is jam proof, 
permanently lubricated, has mag- 
netic anti-overcoast, and operates at 
“whisper” noise level 

New Ledex Digimotor Switches are 
rotary selector switches with all ad- 
vantages of the Digimotor drive plus 
other special features. 
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Ledex Digimotor. 


IS MAJOR ADVANCE IN STEPPING MOTOR FIELD 


© 


8 position 24 position 


Ledex, Inc. was formerly G. H. Leland, Inc, 


1/15 sec 1/25 sec 


DETENT 


Cther Ledex products include Ro- 
tary Solenoid, Rotary Solenoid 
Selector Switch, Hermetically Sealed 
Selector Switch, and Syncramental 
Stepping Motor. Mechanical appli- 
cations include actuation of valves, 
vanes, printers, shafts. Switching ap- 
plications include circuit selecting 
stepping, counting, programming and 
sequencing. Write for literature, 
mentioning application, to Ledex, 
Inc. (formerly G. H. Leland, Inc.) 
Dayton 2, Ohio; Marsland Engineer 
ing, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; NSF 
GmbH, Nurnberg, Germany 
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0-M 
the Cylinder 
with the... 


Guided Stroke 


INTERNAL KEY TIE-RODLESS-TYPE SERIES 101A 


Air 150 psi—Hydraulic up to 1500 psi 
Fits where others won't 
Meets J/IC Standards, Bulletin 101A 


WHEN a piston rod must hit right on the button to 
feed a work piece, activate an indexing table, push, 
pull, raise, lower, knock-out or clamp, you can count 
on an O-M Guided-Stroke Cylinder everytime. And 
there's no mystery about it, just top-level O-M preci- 
sion workmanship, the latest and best machine tools, 
modern design, plus years upon years of engineering 
“know-how.” And it's all spelled out with construc- 
tion and performance details, engineering drawings 
as well as a capacity chart in each of our latest Bulletins. 
Write for your copy TODAY. See why O-M Air and 
Hydraulic Cylinders maintain perfect rod alignment, 
make full-power starts, are designed right to seal 
right, have the lowest coefficient of friction and many 
other advancements. 
Bulletin 101A for Internal Key Tie-Rodless-Type 
Air and Hydraulic Cylinders featured above. 
Bulletin 105A—Improved Tie-Rod (Heavy Duty) 
Cylinders Hydraulic 2000 psi; 3000 psi non-shock. 
Bulletin 107—Automation (Heavy-Duty) Air Cyl- 
inder for 200 psi operation. 
Bulletin 108—Automation (Heavy-Duty) Hydraulic 
Cylinder—for 1000 psi operation. 
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All O-M Cylinders are available in to 8” bores with stand- 
ard, oversize, or heavy-duty rods. Complete line of mounts 
and interchangeable parts. Immediate delivery on most sizes. 
MAIL COUPON TODAY. 








— ee ee ee 


ORTMAN-MILLER MACHINE COMPANY 
15 143rd Street, Hammond, Indiana 
C) Have representative coll 


Send Bulletins 


[] 101 [] 17 
[] 1050 [] 108 


NAME _ POSITION__ 





COMPANY_ 


| 


ADDRESS____ 


city ZONE a. = 





I 
I 
| 
I 
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— WITH FRONT-END DISCONNECT 


> 
< CLUTCH (STANDARD 


Vall WITH OVERSPEED OR 
BOOM-LOWERING FREEWHEEL 


Vall WITH 2:1 RATIO OUTPUT 
REDUCTION GEAR 


TWIN DISC CLUTCH COMPANY, Racine 
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IN THE APPLICATION of single-stage 
torque converters, Twin Disc’s new 
Model C units provide considerable 
design flexibility. These clutch- 
equipped converters are offered in 
three input torque capacities: 350 Ib- 
fe (1300 Series); 450 lb-ft (1500 
Series Standard-Duty) ; and 650 lb-ft 
(1500 Series Heavy-Duty). 

All Model C units feature an 11” 
front-end disconnect clutch—single- 
plate on the smaller series; two-plate 
for capacities above 350 lb-ft. Both 
clutches are mechanically actuated 
types with driving rings that fit stand- 
ard SAE over-center flywheels. 


Wisconsin * 


OPTIONAL 
Boom-Lowering Freewheel 


For the shovel and crane industry, 
Twin Disc has designed a special con- 
verter—Model CO—with a cam-and- 
roller freewheel between the impeller 
and the turbine. This permits the con- 
verter to function as a straight me- 
chanical drive whenever the output 
shaft is driving. As the boom begins 
to fall of its own weight, the free- 
wheel locks the turbine to the im- 
peller, making engine friction horse- 
power available for braking. 


OPTIONAL 
Output Reduction Gear 

For installations using high-speed 
engines but requiring lower output 
shaft speeds, Twin Disc can furnish a 
2:1 ratio reduction gear. It bolts to 
the rear of ail Model C and CO con- 
verters and is capable of carrying out- 
put shaft side loads. The gear can be 
mounted in the field without design 
change. 


New Bulletin 510, containing engi- 
neering data on 25 models of Twin 
Dise Single-Stage Torque Converters, 
is available on request from our Rock- 


ford office. 


a ' 


Hydraulic Division Rockford, Illinois 


PRODUCT ENGINEERING ~- JULY 18, 1960 





HELPS THRE BAND THAT SHAPES THE FUTURE 
; , 








CASTELL LIGHTS UP THE PATHS OF PRECISION 


Man’s creative ability and the tools that help him express it! Fortunate are 
those who toil in the vineyard of architecture, engineering, designing and 
drafting. For a few cents they can buy CASTELL, the world’s finest drawing 
pencil, partner in progress the world over. This needs restating only for 
the benefit of the young now coming up in the profession. Old seasoned 
hands have known it for generations. CASTELL is an unquestioned fact in 
a creative man’s life. 


#9000 CASTELL Pencil with world's finest CASTELL rubberiess MAGIC-RUB ERASER soaks up graphite without abrading drawing surfaces 
natural graphite that tests ovt at more than and residue rolls off. Leaves no “oil stain or “ghost.” Tests highest in ease of use, line removal 
99% pure carbon. Exclusive microlette mills and non-smudging. Tests first on Cronar and Mylar base films. For all papers and vellums 
process this superb graphite into a drawing 

lead that lays down graphite-saturated non #9800SG CASTELL LOCKTITE TEL-A- #9030 CASTELL Refill Lead, matching 
feathering lines of intense opacity for GRADE Holder, perfectly balanced, light- exactly #9000 pencil in quality and grading, 
cleaner, more durable originals and clearer, weight, with new no-slip functional grip that degrees 7B to 10H, packed in reusable 
sharper prints. Extra strong lead tokes lightens finger pressure without slipping, plastic tube with gold cap, 

neediepoint sharpness without breaking or and relieves finger fatigue. Unique degree Many other styles and colors of CASTELL 


splintering. Smooth, 100% grit-free consis- lead indicating device. Pencils, Holders and Refill Leads. 
tently uniform pencil after pencil, in full 


range, 88 to 10H. A.W.FABER-CASTELL 41-47 Dickerson Street, Newark 3, N. J. 
#9007 CASTELL Pencil with Eraser. 


= AW FABER CASTELL ORAwiNG REFILLLEAD 9030 


CASTELL Per 





CKTITE 
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A “SHEAR: SEAL” VALVE 


for LESS than a spool valve 
RATED FOR 3000 P.S.I. OIL SYSTEMS 


$6500 


List Price* 
for a 34” valve 











*Less the usual 0.E.M. 
and quantity discounts. 


FOR EITHER 
PANEL MOUNTING 
OR BRACKET MTG. 
THREADED BOSSES 
ARE PROVIDED 


LOW HANDLE LOAD 
—PRESSURE LOAD 
CARRIED BY 

ROLLER THRUST BEARING 


EXCELLENT THROTTLING 
— COMPLETE CONTROL 
— GRADUAL OR 

QUICK OPENING 

— NO SURGES 


YEARS OF 

LEAKPROOF 
MAINTENANCE-FREE 
SERVICE 

— SPRING COMPENSATES 
FOR NORMAL WEAR 


MORE FLOW 
THRU UNOBSTRUCTED 
ROUND FLOW PASSAGES 


NO EXTERNAL LEAKAGE 
— PRESSURE IS CONFINED 
TO FLOW PASSAGES 


For complete data on this new valve and 
for information on all your valve requirements &@ 
write for Catalog V-59-60 & 


CONTROL VALVE DIVISION 
Wg 
~ Warksdale valves 
5125 ALCOA AVENUE © LOS ANGELES 58 «© CALIFORNIA 
i 


46 CIRCLE 46 ON READER SERVICE CARD 





CYLINDER OPERATED 


“SHEAR:)||SEAL” VALVES 


fs PILOT VALVE 


=a . 


10,000 P.S.I. 
BARKSDALE 
SHEAR-SEAL 
VALVE 





6000 P.S.I. 


Valves are available with 


Remote control operators for 10000 P.S.I., 
and 3000 P.S.I. ‘‘Shear-Seal’’ 
cushioned or non-cushioned cylinders. 

4-Way, 3-Way and Shut-off valves range in pipe sizes 


from ¥%4" to 1%” N.P.T. 


For complete data 
request catalog COV-60-61. 


1) | CONTROL VALVE DIVISION 
5125 ALCOA AVENUE « .Y ANGELES 58 * CALIFORNIA 
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Gasket engineering 


SEALING 


ALUMINUM FLANGES 


As heat expands aluminum flanges, gaskets often crush and 
extrude and bolt loading is reduced. New engineering research points 


Where aluminum flanges are used 
and particularly where they are exposed 
to alternate cycles of heat and cold 
crushing and extrusion of gaskets and 
serious loss of bolt torque are often 


encountered 





This diagram shows effect on 
tion of thermal cycling to 300° F. of gas 
keted joint with one aluminum flange and 
one cast iron flange. Torque increase from 
A to B results from aluminum expansion; 
B to C represents normal torque loss at 
constant oven temperature; C to D is loss 


torque reten 


To study this problem, Armstrong 
engineers set up simulated service tests 
with stock automotive transmission 
housings. These housings all have large 
aluminum members that are subject to 
wide variations in temperature, and all 
require high flange pressures 

The initial result of the tests indi- 
cated—as expected—that the expansion 


of the aluminum had the effect of in- 
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way to better seals on these flanges. 


E. M. SMOLEY, 
Research Pt ct 


ng Research and Deve 


creasing the unit load on the gasket 
lhe consequent crushing and extruding 
of the conventional fiber gaskets led to 
substantial loss of bolt torque 

The study also turned up other data 
unique to aluminum flanges. This is the 


SAIN TWA 


NOON 


i ¥ 





resulting from aluminum contraction. Solid 
ine iS average result of tests with Accopac 
AN-890, which retains about 90% of the 
original bolt torque. The dotted line repre 
sents average test results with conventional 
gaskets, which retain only about one-third 


the initial torque loads after cycling 


difference between “hot” torque read- 
ings—taken while the transmission is at 
300° F. and “cold” readings, taken after 
the assembly cools. With iron or steel 
flanges, there is no significant difference 


between these readings. With alumi- 


num, however, the difference often is 
20% or more 

The difference between “hot” and 
“cold” torque readings is a measure of 
the ability of a gasket to “follow” the 
flange as it undergoes dimensional 
change. Ideally, a gasket should show 
no difference between hot and cold 
torque readings. It should resist crushing 
under high pressures and high tempera 
tures—and it should compensate for the 
contraction of the flange as it cools 

Because conventional materials fall 
short of these requirements, Armstrong 
engineers set out to develop a new type 
of gasket. Their work 1 2sulted in a new 
beater-saturated asbestos material 
Accopac AN-890. This new gasket re 
sists crushing under pressures of 100,000 
psi at temperatures up to 350° F., and 
it has superior torque retention charac 
teristics 

If you 
seals on aluminum flanges, our research 
We will be glad 


to make suggestions if you will submit 


have a pri blem with gasket 
may be helpful to you 


details of your problem to us 

Much detailed information on other 
problems of gasket design, selection 
and perform 
ance is contained 

Arm- 
Gasket 
Design Manual 
Write today for 


in the 


strong 


GASKET 
DESIGN 
MANUAL 


your copy of this 
book 


32-page 


Address Armstrong Cork Company, 


Industrial Division, 7107 
Lancaster, Pennsylvania. 


Irvin St., 


Armstrong GASKET MATERIALS 


1860-1960 Beginning our second century of progress 
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ARMCO STEELS J 1 better products + lower costs 


SAE 1010 STEEL 
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These oxidation rate curves show one important reason why 
Armco ALUMINIZED STEEL Type | is so useful for parts 
that must resist heat. Its hot-dip aluminum coating, applied 
by a special Armco process, prevents oxygen from scaling 
the metal at temperatures to about 1250 | 

This union of steel and aluminum also gives you other 
key advantages that mean better products and lower costs. 
High heat reflectivity—at temperatures to 900 F ALUMINIZED 
STEEL reflects about 80% of incident radiant heat. 


This versatile aluminum-coated steel provides advantages 
offered by no other metal. Design its ability to resist heat 
and corrosion, its heat reflectivity, its strength and econ- 
omy into your products. Write us or mail the coupon for 
complete information on the properties, fabrication and 
use Of Armco ALUMINIZED STEEL Type 1. 





WHY AND WHERE ARMCO 
COST-CUTTING RESISTANCE 


Oxidation rates of 
ALUMINIZED STEEL New steels are 
Type 1 and SAE 1010 a 
steel at 1000 F and born at 
1100 F Armco 
Oxygen pickup is a ' 

measure of the oxida- 

tion of the metal and 

how fast it will fail 


ALUMINIZED STEEL TYPE 1 


Resistance to corrosion——The special aluminum coating with 
stands the attack of 
as well as heat 

High strength — Th. 


vides design simplily ing 


combustion products and condensates 


steel base of ALUMINIZED STEEL pro 
cost-cutting strength and rigidity 
in service at temperatures as high as 1250 | 

Low Cost— For only a few cents a pound more than cold 
rolled steel, you get a two-in-one metal of proved economy 
for parts that must resist both heat and corrosion 


ARMCO STEEL CORPORATION 

2440 Curtis St., Middletown, Ohio 
Send me complete information on Arm LUMINIZED STEEL Type 
1 for the following applications 
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ALUMINIZED STEEL TYPE 1 ASSURES 
TO HEAT AND CORROSION 


Industrial oven Heat exchanger 


Laundry drier elements 


The unique combination of properties possessed by ALI 
MINIZED STEEL Type | makes it an effective material in a 
wide range of applications. For example, manufacturers of 
appliances such as electric toasters and laundry driers, in- 
dustrial ovens, and restaurant equipment, use it primarily 
for its heat reflectivity and corrosion resistance. 

In automobile and truck mufflers, the excellent resistance 
of ALUMINIZED STEEL. Type | to the combination of heat 
and corrosion results in greatly extended service life. Use 
of this metal for the mufflers of many makes of cars is sound 
proof of its durability and economy. 

The ability of ALUMINIzED STEEL to resist oxidation at 


Automobile muffler 


Electric resistor 


temperatures to about 1250 F, and to ward off corrosion by 
condensates and combustion products, has enabled pro 
ducers of gas and oil fired heaters to achieve greater effi 
ciency and durability at low cost 

For industrial and consumer electric heaters, high heat 
reflectivity combined with the corrosion resistance and 
structural strength of this special Armco Steel has meant 
manufacturing economies plus reliable service 

In addition to these typical applications, Armco ALUMI 
NIZED STEEL Type | is specified for many other commer 
cial, industrial and consumer products because it yields new 


sales advantages and greater durability at lower cost 


ARMCO STEEL 





Armco Division + Sheffield Division + The National Supply Company « Armco Drainage & 
Metal Products, Inc. «+ The Armco International Corporation * Union Wire Rope Corporation 
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DEPENDABILITY, ECONOMY and STRENGTH 
are distinguishing characteristics of these sin- 
tered metal automotive transmission parts by 
Delco Moraine. Vital components such as these 
are typical results of close collaboration be- 
tween Deico Moraine and its customers—an 
effective liaison that operates fromideathrough 
design and development. They also attest to 
Deico Moraine’s equally important capabilities 


for making deliveries in quantity and on time! 


DELCO MORAINE 


DEPENDABLY MADE parts for industrial progress « Division of General Motors, Dayton, Ohio 
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OPENING NEW HORIZONS 


, ~e . j 7 A a 
EA en wt OOF EI OT ALE OF t) power’ application 











t 


Flick-Reedy ... Winner of ‘‘Plant of the Year’’ Award and ‘‘Silver Anvil'’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented “Shef” Tubing End Seals, and other 

( exclusive standard features, these cylinders are practically 

3 damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year’ with its hydraulic fluids. Built to exceed J. 1. C Specifications, these 

special facilities and operating economies enable us cylinders are achieving new highs in production and operating 

to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 

“stock” selection of Packed Model H for 3000-5000 psi and Job-Rated Model J 

Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 

Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders. 142” through 14” bores savings. 


Strokes up to 36”, cushioned and non-cushioned. . 
Write for literature. 


MILLER FLUID POWER 


7NO18 York Road, Bensenville, Ilinois 


Full Details On Request 





trU-LAY PUSA-. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- _ COMPLEX MECHANICAL 
lems. They provide positive remote control over long f LINKAGE 
or short distances—up to 150 feet from the control 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- 
TROLS, they are made of many parts, wear at many PUSH-PULL 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 


Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
- . rugged duty prevails, but where 
Minimem Maximom Input operation must be smooth and > 
Recommended Load in Pounds accurate. Meets all require- 
Control Radius (Dependent ments for dependability and life. 


Dimension in Inches on Travel ) Light Duty « Gives smooth, 
accurate and dependable per- » 


























formance at low cost. Available 
30 with your choice of several types 
of knobs. 


65-125 Selective Friction « Amount of 
friction can be changed to meet 
115-175 individual requirements of the > 
operator or application. Friction 
300-600 constant at any setting. 


Position Lock « A slight turn of 


700-1,000 the T-type handle locks the con- 
trol in any position. Available > 
in two sizes for light and heavy- 
duty applications. — 


Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for > 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


PUSHR\\\. DATA FILE shows how 


7 . - 7 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 


-PUSH-PULL CONTROLS “°° 


Automotive and Aircraft Division * American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 * 929-E Connecticut Ave., Bridgeport 2, Conn. 
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eye appeal that . quickly applied... 
adds sales appeal ' and removed 









product saving 
protection 


SLL aT oe oe 


Caplugs | 


save time, 

y= .. ? ver 
trouble and $$$ need some soon over 
sizes in numerous styles 


won't chip, 600 
break, shred 


or collapse ; 
P and colors now in stock. 





“kid glove” protection for tubing, 
threaded fittings and machined 
parts in process, storage and 
transit...get a kit full of samples in 


exchange for the coupon below 


} DIVISION, 
made of tough, PROTECTIVE CLOSURES CO 


flexible 2205-9 Elmwood Ave., Buff 
Polyethylene MAIL a free assortme 


literature and prices t« 


without oblig 





Engineered by Tinnerman... 


SPEED CLIPS reduce costs, simplify assembly 
and servicing on Maytag “Halo of Heat” Dryer 


Clothes are dried efficiently in the famous Maytag A free Tinnerman Fastening Analysis of your 


“Halo of Heat” automatic dryer. And now the own product can show you where similar assembly 


quality of the “Halo of Heat” dryer is even better and cost-saving advantages are possible. Call your 
than ever because its unique circular heating ele Tinnerman representative—he’s listed in the Yellow 
ment is fastened quickly, securely by 22 special Pages under “Fasteners”. Or write to: 
Tinnerman Speep Cups developed by joint efforts 


a F TINNERMAN PRODUCTS, INC. 
of Tinnerman and Maytag designers. 


Dept.12 + P.O. Box 6688 + Cleveland 1, Ohio 
Each one-piece SPEED Cup eliminates a separate 


welding operation on the “Halo of Heat” assembly. 
Various screw-driving operations formerly required ey j N N EE R M A N 
on Maytag’s assembly line to capture the ceramic 
insulator and secure the mounting clamp were also 
eliminated, with equally interesting reductions in 
cost. Now, the stainless steel, vibration-proof 
fastener is snapped in place with simple “button- 
hook” action. No special skills or equipment are 
required. Assembly and parts costs have been 
reduced... substantially! Serviceability in the field 


FASTEST THING IN FASTENINGS® 
has been improved 


CANADA: Dominion Fasteners Ltd, Hamilton, Ontario. GREAT BRITAIN: Simmonds Aerocessories Lid. Treforest, Wales. FRANCE: Simmonds S A. 3 rue Salomen de Rothschild, Suresmes (Seine). GERMANY Mecano Bundy GmbH. Hedelderg 
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MANUAL OF FAILURES 


\ few weeks ago, Warner & Swasey celebrated its 80th anniversary 
Walter K. Bailey, president, presented Myron S. Curtis, 

engineering v-p, a 20-year service pin with these words: “The first lathe 
Myron designed for us, we turned down. We didn’t like it 

But some of the things we learned from it we put into our next design 
hey’re still in the new designs.” In plain English, W&S 

learned something from failure. 

This reminded me of an ASME Oil & Gas Power session more than 
20 years ago, at which three sales engineers each described his new diesel 
Each was a perfect design, of course. Then the first discussor 
got up and began: “I would like to congratulate the authors of 
these three papers because they arrived at correct answers without 
the failures we had. Our first engine kept breaking connecting rods 
In the second, we fixed that, but it blew off the cylinder head. 

In the third. . .”. When the meeting ended, where did the engineers 
congregate? With the fellow engineer who also had failures- 
and learned from them. 

A chief engineer was showing me a numerically controlled 
machine tool of rather radical design. “When we installed it, 
we had trouble with the hydraulic system. The maker fixed it. Then 
we had trouble with accuracy. The maker fixed that too. We 
expected troubles with a new machine, but the maker has the 
engineering experience to fix them.” 

These are typical; every engineer knows of similar cases. Yet 
an endless number of companies will never admit failure; they try to hide 
their mistakes because “they're bad for sales.” The philosophy is 
that of a child who refuses to admit his mistakes for fear of 
punishment. When he’s found out—and he always is— 
the punishment is more severe, unless his parents are inept. Whether 
it’s a child or a company, the word on mistakes will get around, 
may be distorted or misinterpreted, with worse results 
than an honest confession. 

Studies in reliability (see PE—May 16 ’60—p.65) are bringing forth 
a literature of failure that is avoiding similar mistakes on subsequent 
designs. Says M. P. O’Brien, dean emeritus of engineering at the 
University of California—Berkeley: “This was a large gap in 
engineering data. I hope this information can ve expanded to a 
treatment of failure for any reason, not limited to physical failure. 
Companies and individuals are understandably diffident about 
explaining why projects fail, but the engineering profession needs 
to know in order to avoid repetitions in future designs. Isn’t it time 
for a ‘clinic’ covering the pathology of design?” 

Well, isn’t it? 





New Motors by 
UNIVERSAL introduce new 
free-aligning ball bearing assembly* 


. utilizing only the shaft for alignment, the new 
Universal Ball Bearing Assembly provides: 
. reduced noise level in ball bearing motors... 
. easier starting regardless of load... 
. elimination of pre-loaded bearings due to misalignment. ! 


Two new UNIVERSAL ELECTRIC motors, Type 523 (4 pole) and Type 563 (ly > 
(6 pole) incorporate an entirely new ball bearing assembly design. 
The new ball bearing assembly is resiliently suspended in a (er 


neoprene collar with the axis of support in the center of the bearing. 
The becoring is thus inherently in balance and can adjust to any ; Cars 
shaft misalignment 100% of the time utilizing only the shoft itself 

for alignment. This new design requires no pfessure to retain the 

bearing in its position and the bearing cannot be forced from its 


seat regordless of the amount or type of load placed on the shaft. 


Advantages of the UNIVERSAL ELECTRIC ball bearing design 
ore (1) reduced noise level, (2) permanent cushioned end play, 


(3) easier starting, (4) elimination of snap rings, shoulders and 


preloaded bearings due to misalignment thus resulting in a free 


undercuts thus providing a stronger motor shaft and (5) elimination of \ a * 
, : td 


running motor with a longer motor life. UNIVERSAL offers the only 


boll bearing shaded pole motors on the market that can make all of these claims. *Pat. applied for 


UNIVERSAL Electric 
Motors type 523 and 
type 563 with the new ball 


bearing assembly, offer the perfect 

flat speed torque curve necessary for 

critical air moving or recorder 

applications. In addition to these 

2 new motors, UNIVERSAL ELECTRIC 
Universal Bearings* ; also is making a new 6 pole sleeve 
Universal Free-Aligning sleeve-type bearing motor Type 63 as well as 
Bearings eliminate fractional HP meter the standard 4 pole, Type 23. These motors offer maximum performance 


bearing problems due to misalignment. : 
Like the new ball bearing assembly, and efficiency for kitchen ventilators, unit heaters, evaporative coolers, 


this revolutionary bearing is inherently : : 
in bel ond oun elites to ene condenser fans, refrigerated cabinets, etc. 


misalignment 100% of the time under 
any load condition. r Write for complete specifications on your requirements. 


UNIVERSAL ELECTRIC COMPANY 
PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT, 12 
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Samples in photograph above from Herzog Miniature Lomp Works and Sylvania Electric Products 


How to select 
MINIATURE LAMPS 


When space won’t allow a standard 120-v 
lamp—6 watts or larger—you may have to 
turn to the little fellows. And with them 
may come special design problems. Here 
are the compromises you face and character- 
istics you’ll want to specify. 


ANNESTA R GARDNER, associcte editor 


The best advice on when to use subminiature lamps—and 
it comes straight from the manufacturers—is this: Never, 
if they can be avoided. 

But when space is not available for a larger lamp, those 
under 4 in. diameter may become necessary. This, despite 
the fact that the miniatures are, in general, more expensive 
and less efficient than standard types, and they may be 
shorter lived. In other words, the miniatures—particularly 
those under } in.—will require design compromises, special 
power sources, and often call for adapter devices. 

The factors in selecting miniature lamps are many 
heat, light intensity, operating voltages, power drain (es- 
pecially when transistorized circuits are used), optical 
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qualities, life, and reliability. But, with good design pro 
cedures and new lamp types, light output can be doubled 
or tripled, lamp life prolonged, and overheating avoided 
Few of these new lamps are catalog items yet, but many 
are available on a commercial basis. For example 

eGE recently introduced a much-improved, wedge 
base, miniature neon lamp. 

e Drake Manufacturing has brought out a replaceable- 
lamp indicator-light assembly that occupies barely $ cu in 
of space and can be mounted in a w-in. hole. The lamps 
themselves have }-in, bulbs ¥% in. long. 

® Signal-Stat has new lamp assemblies with shock 
isolated sockets, specifically designed for automotive use 
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e A new subminiature neon lamp assembly from Circon 
Corp has an integral current-control unit that eliminates 
the need for a series resistor or external ballast. Power 
watt at 1 milliamp, and life expectancy 
is in excess of 25,000 hr. 


j 


consumption is 76 


e Industrial Devices Inc is readying new rectangular 
lights and also several new types of small-diameter pilot 
assemblies. 

e Sylvania has miniature circuit breakers with built-in 
indicating lamp elements, as well as the tiny lamps pic- 
tured on p 57; TungSol has new long-life miniatures; and 
Westinghouse has electroluminiscent panels in less-than- 
an-inch size. 

e Master Specialties has a new indicator-light system 
that allows miniature incandescent bulbs to be operated 
directly from 115-v circuits without external transformers. 

Furthermore, recent years have seen the development 
of electroluminiscent panels (PE—Sep 15 ’58, p 74) that 
can illuminate instrument dials, and in some cases, can 
replace a bank of miniature lamps. 

Coming up—but not yet available, except on a sample 
basis—are square lamps, neon lamps with higher light 
output (though still below the incandescent level), ultra- 
high-intensity xenon lamps, and new miniature carbon-fila- 
ment lamps that promise to be more rugged than tungsten 
types that are now available 


Know their limitations 


The first step in selecting a minature lamp (or any lamp, 
for that matter) is to recognize what it can and cannot do. 


58 


STANDARD TYPES OF BULBS, BASES, FILAMENTS: 
At upper left—three neon lamps; upper right—five incan- 
descent lamps, illustrating globular and straight-sided 
bulbs, screw and bayonet base, and light and heavy fila- 
ments; the one in the center cf this group is the highest 
voltage available—55 v—in its size and type; Lower left— 
the smallest standard incandescent bulbs for 28-v opera- 
tion, illustrating screw, grooved, and flanged bases. Lower 
right: telephone lamp for panel mounting. All samples 
shown here are from GE 


And one thing the very small lamps cannot dk 
attention—particularly from a distance. 

Where lamps must strongly attract attention, just about 
the smallest practical size is the 120 v 6-watt bulb—the 
size of the standard Christmas tree light. This is con- 
sidered a “large” lamp; but it’s barely 3 in. dia and only 
1? in. long. However, its light output is far greater than 
that of the largest “miniature.” 

Even with these larger lamps, it may be desirable to 
use two bulbs instead of one to provide increased light 
output, and also assure that there will be at least some 
indication of trouble when one light fails. 

But, if panel space is limited, and a small amount of 
light will do the job, a miniature lamp is probably indicated, 
and lamp choice will depend on: 

e Power source—line or battery 

e Limitation on current and voltage 

e Optical qualities 

e Light intensity needed 

e Lamp life 

e Panel area and depth available for the lamp 
lamp assembly 

© Cost of bulb and pilot light assembly 


; attract 


Catalogs help—a little 


To guide choice of the proper lamp, some excellent 
catalogs are available. But, in the lamp business, catalogs 
are only a rough guide. Often they include lamps that 
are uneconomical to make and use—and omit new types 
that may be just the answer to your problem. Of the 
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PILOT LIGHT ASSEMBLIES of many types are now 
available commercially. At upper left are newest, smallest 
ones made by Drake. At upper right, screw and swage-base 
types by Circon. Lower left: two “Omni-glow” panel lights 
designed by Industrial Devices Inc for operation at 75 v to 
250 v, ac or de. Lower right: typical Dialight pilot light 
assemblies, made with many types of caps. 


For this requirement... Your choice ... 


Operation at line voltages 


co ahecagemnalerlie eth wre: tpi rk They’ 
should be checked before selection is made. ‘ 
see 
Low-voltage circuits Incandescent or electroluminescent lamps. Neon cannot generally 
(below 28 v) _ be used for applications of this type. 


Transistor power supply New, low-power (10 v-15 ma) incandescent lamps or neon lamps, 
or electroluminescent panels; light output is low and a converter 
will be required for a neon lamp. Neon and electroluminescent 
color range is limited. 


_ High-intensity, high-efficiency, low-power incandescent lamps. P 


life is relatively unimportant because even a short-lived 
Long life and high reliability “iNeen set alacirclenstadipen: 0 inceaioscalt.temage wast be: used. 
— below rated voltage. Use two lamps in parallel 4 


Heat-shock and vibration Low-voltage incandescent lamps with squat filaments; n neon = 
bayonet bases. 


High-intensity light Standard incandescent lamps, the larger the better. For highest 


Snvenitty trom caloineuss lage use focus pilecess or lare-tippad : 
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MINIATURE LAMPS 


continued 


MINIATURE LAMP AND PHOTOCELL are key elements 
in new infrared scanner made by Farmer Electric Prod- 
ucts. Light is projected out through prefocused lens. Pass- 
ing objects reflect it back, activating the photocell. Lamp 
life is increased from 6000 hr to 60,000 hr by reducing volt- 
age from 6 to 5 v. This decreases scanning range by about 
1/3, but increased lamp life makes it worthwhile. 


standard bulb shapes, base types and operating character- 
istics, some combinations are far more costly than others 
and some are impractical or impossible. For instance, 
“telephone” lamps are made only with slide bases. Screw 
candelabra bases cannot be put on. 

Most catalogs don’t show prices, either (though separate 
price sheets are available)—and the prices even of “stand- 
ard” subminiatures can be pretty high. Flashlight lamps 
usually cost less than 3¢ in quantity; but the cheapest 
subminiature lamp is 20¢ to 30¢; and the tiny “grain of 
wheat” lamp runs from $1.35 to $2.50 each in lots of 
1000. This is a good reason for considering the standard 
cataloged “auto” and “toy train” lamps for applications 
requiring considerable light. 

There are other problems in using miniature lamps, too, 
that don’t show up in the catalogs. Some of the smaller 
lamps designed for relatively high voltages (28 v instead 
of 6 v) are so tiny and the filaments so big that the slightest 
vibration may short-circuit them. Some have even been 
known to short during shipment. 

Miniature lamps designed for lower voltages (6 to 12 v) 
are not as likely to do this; but the desire to save space with 
them often results in such tight crowding on display 
panels that shorting of the panel circuit becomes a problem. 

Another caution that comes from both manufacturers 
and users: 

If at all possible, avoid mounting a miniature lamp on 
a pushbutton. ‘They just are not rugged enough. If 
possible, mount them separately and use acrylic plastic 
to pipe light to the button, or some similar solution. If 
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TO ADD LIGHT to previously designed switch, Harvey 
Hubbell engineers redesigned base and interior of operating 
lever to provide space for lamp. Small neon lamp oper- 
ates on standard voltages with low heat emission. Switch 
button lever itself is made of heat-resistant nylon and the 
case is molded of phenolic plastic. 


combined mounting is unavailable, use the more rugged 
neon lamps; but remember that light output will be low. 


10 points to remember 


Summing up, the important guideposts to design for 
miniature lamps are: 


1. Make sure there is enough space—not just for the 
lamp, but for the assembly. In general, that means not 
less than ¥ in. for neon, | in. for 120-v incandescent. 
The lamp itself is usually the smallest part of the lamp 
installation. It’s often much better and safer to specify a 
pilot or indicator assembly than a specific lamp. 


2. Recognize that many mass-produced lamps are not held 
to close size tolerances. Do not base design on a single 
sample. It is a lot cheaper in most cases to provide a 
little room that allows for size variations than to buy lamps 
especially selected for a limited size range. 


3. Specify optical qualities carefully when special optical 


propert‘es are needed. Seismograph lamps, pyrometer 
lamps, optical comparators and projectors, and eye instru- 
ments may need a line of light or a controlled color. To 
avoid distorted filament images, it may be necessary to 
specify a lamp that is accurately focused to 0.010 in. 


4. Consider maintenance problems. For vending machines, 
and similar equipment, it costs $5 to send a man out to 
replace a lamp. Much better to pay an extra 10¢ for a 
longer-lived lamp, or add voltage or current stabilization 
if lamp replacement may be costly. 
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ELECTROLUMINESCENT PANELS, provided with suit- 
able numbers or markings, may take the place of entire 
battery of miniature lamps. They're available in sizes from 
2 by 2 in. over-all (with lighted area about ™% in. less on 
each dimension); will operate at standard voltages and 


5. Recognize the compromise between life and efficiency 
that must be made with all incandescent lamps. 


6. Study heating problems—and solutions. For instance, 
with incandescent lamps, even temperatures well below 
the softening point of the glass may cause blackening of 
the bulb owing to evolution of water vapor. Plastic but- 
tons or caps may soften at relatively low operating tem- 
peratures unless provision is made for heat dissipation. Re- 
member, wattage indicates heat. In small incandescent 
lamps, watt/size ratio is high, and it is very hard to measure 
heat—and know exactly how much you'll get. 


7. Consider lamp life carefully. Figures on lamp life 
represent average life, at or below rated voltage. Of any 
given group of lamps, at least 5% will burn out in less 
than a third of the rated time. Others will last far longer 
than the rating would indicate. 


8. Remember that miniature lamps are primarily indicators. 
Many are not bright enough to be seen from any distance. 
Check visibility at various angles, too, where side-line 
visibility may be important. 

9. Use catalogs as a guide; but remember they often show 
what might be made; not necessarily what is made. Too, 
they may fail to show new, improved types, and give little 
or no information on dimensional tolerances. 


10. Keep up with new developments. They're coming 
along fast. Many of the types labeled “experimental” 
right now will be commercial before year's end—and 
at the current rate of development there will be a whole 
new givup out on test when these are ready for production 
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above; provide cool, long-lasting light source. Pictured 
here at left is basic panel, marketed by Westinghouse; and, 
above, prototype model of new meter being readied for 
market by General Electric in which an electroluminescent 
panel is to be used. 





Which Kind of Lamp? 


Consider neon lamps where 


operation is at line voltages 

red or yellow color is acceptable 

long life is important 

light output need not be great 

shock or vibration call for sturdy construction 
heat must be held to a minimum 

less than 1-in. clearance is available 


Consider electroluminescent lamps where 


long life is important 

a single electroluminescent panel may substitute 
for a whole row or line of separate lamps 

heat cannot be tolerated 

low light intensity is satisfactory 

blue-green color is acceptable 

standard line voltages are available 


Use incandescent lamps when 


@ Light output is important and light must be focused 
®@ special optical characteristics—such as color and 
line image—aore important 
@ at least 1-in. mounting clearance is available 
heat will not pose serious problems 











REPRINT COPIES of this report are available for 25 cents each 
by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y. 
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Lateral Deflections Caused By 
Nonporaliel Compression 


how to predict 


BUCKLING AND 
UNSEATING 
OF COIL SPRINGS 


Here are the latest equations for predicting 
what happens when a coil spring is 
compressed between parallel or 

nonparallel plates. The theory is confirmed 
by test results, and a sample problem 

shows how to put the equations to work. 





SPRING BUCKLING under nonparallel 
compression 


T M LOWERY, project engineer 


Chrysler Corporation 


A coil spring may buckle under compression if the ratio of its free length 
to coil diameter is large, or may unseat if the two compressing plates are 
nonparallel. The overly long spring remains straight until buckling occurs; 
but with nonparallel compression there is always a certain amount of lateral 
deflection which may cause the spring to unseat itself (lifting or sliding off 
its seat). This can produce a knocking sound with each operating cycle. 
Nonparallel compression is quite common with designs that employ 
coil springs to resist the motion of a pivoting link. The problem of a 
coil spring unseating arose in connection with designing an automotive 
suspension system; to solve it, a new set of design equations was developed 
from which it is now possible to predict: 
For parallel compression: 
© When does a spring buckle? 
For nonparallel compression: 
® When does a spring unseat? 
© How much clamping force is needed to prevent unseating? 
© How much side clearance is needed? 
© What is the true resisting force and line of action? 
Predictions based on the design equations compare favorably with results 
from limited tests conducted at Chrysler Corporation’s laboratories. The 
equations, sample problem and test results are given below. 
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THE DESIGN EQUATIONS 


For a coil spring to be in equilibrium when compressed 
between two nonparallel plates, the forces on the plates 
or seats must be equal, opposite and colinear (F, and F, 
in illustration on previous page). These resulting forces 
are at a distance S, and S, from the spring centerline, 
measured along the spring seats. 

Forces F, and F, can be replaced by a combination of 
moments, M, and M,, and a set of horizontal and vertical 
forces, P and H, acting on the spring at its centerline. 

The equations developed below are based on previous 
work by J. A. Haringx (see “On Highly Compressible 
Helical Springs and Rubber Rods and Their Applications 
for Vibration-free Mountings,” Philips Research Reports, 
Dec '48, p 401-449). They assume a relatively close-coiled 
helical spring with wire of circular cross-section. Spring 
weight, seat friction and end-coil effects are not taken 
into consideration—however, tests indicate that the equa- 
tions give fairly accurate results. 

By assuming the spring acts as an elastic rod, the 
moment M, normal force N, and shear force O at any 
point (x, y) are: 

M = Py+H(L— 2) + M; 
N = Pcos ¥ —H sin ¥ 
Q = Pain ¥ + H cos y 
For small angles 
>y+H 
P—Hy 

In order to consider the spring behaving like an elastic 
rod, its rigidity in bending, shear and compression must 
equal these values: 





Similar Rigidity 


Load Spring Rigidity For a Beam 


Moment, M : Ld 5 El 


nm RE 
ap (1 au) 


(ir) 
(so) 


Ld 


n 


Shear, Q 


Compression, N: 





Thus dy M _ Py+H(L—2z)+M, 
dz a a 
Q Ps . a 
and = 7 
re a cae 


Slope of the deflection curve is equal to the sum of the 
slopes due to bending and shear, or 


_) SE pe > 2 
ae eee AL (+4) 


Differentiating the above equation gives 


@y P ia i P H (L —2z) + M, 
+2 (i+Z)y (1+4)[ ~ 


Letting 


P oe 
¢f@- e(1+-F-) 
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SYMBOLS 


= cross-sectional area of equivalent 
beam 

wire diameter 

mean coil diameter 

Young’s modulus 

resultant force 

shear modulus 

horizontal reaction force 

rigidity constant (see Timo- 
shenko, Strength of Materials, 
Vol I, p 170). 

free length of spring (active por- 
tion only) 

compressed] length (active por- 
tion only) 

moment 

number of active coils 

force normal to cross-section of 
an equivalent elestic rod 
vertice! reaction force 

buckling factor (in.~) 

shear force 

locating distance of resultant 
force 

coordinates of spring centerline 
rigidity constants 

angle that reeultant force F 
makes with P 

slope of spring centerline 
caused by shear alone 

angles of ends of spring, or seat 
angles when spring is sea 
angle of spring centerline caused 
by bending alone. At end con-: 
ditions, ¥ equals either y, or yo. 
angle of pivot link 


monuuaon 


oud 


sung 


aad 


and solving, gives 


H (L — xz) + M; 
P 


y C, sin gx + C; cos qz 


Using the boundary conditions j 
=: Oat x = L, gives: 


M LH +M 


C, = = 
> P sin ql P tan qL 


From which is obtained . . . 
The equation which defines the spring shape: 


y= . [ (tan (ql. /2) sin gx + cos g l 


P 
—_— ear ae 
at. ( tan gL. 7 r ‘)] 


Differentiating above equation gives 


The seating-angle equation: 


ql 
32 nD(1 4 va) [ (ts . cos gz — sin ) + 
y= - aL Eq a COs gz — gin «) al = | 


~ tan qL 
Other equations of importance can now be obtained 


The buckling factor: 


2e\',2G][ £ 
+ /[()H8][4 


(continued on page 64) 
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COIL SPRINGS continued 


The equations for horizontal and vertical forces: 


G d* (Le — L) 
Sn DB 


P (vi + 2) 


4G L.-— L 
( ET 2) (5 tan (qL 5) =s 


The resisting moments: 


P = 


H= 


a EGqLd F 
16 (2G + E) (nD) tan (qgL./2 - 


ae L.—L 
P E | ( ie 2) (i sin gL ) | \ 
M, = M, + AL 
From a summation of the moments acting on the 
spring, M,, M,, L and P can be resolved into forces F, and 
F, acting at an angle » with the line of centers and located 
at distances S, and S, from the spring centers at the upper 
and lower ends of the spring. Thus 


M, 


t 


The equation for the resultant force 
F, = Fy, = VP? + H? 
. acts at an angle 
w = tan (H/P) 
. at a distance 
— M, . 
Vv P? + H*? cos (vy; + w) 
. and at a distance 


5, = 


M, + HL 


S, = . 
VP? + H* cos (¥2 + w) 


With parallel plates, buckling occurs when 
qL = 2x 

With nonparallel plates and with a spring whose ends 

are ground 
. unseating occurs when 

ee D+d 
|S;|or|S,| > 2 
in other words, when the line of action of force F falls 
outside the line of contact of the spring. 


For a spring with unground ends, unseating occurs when 


ia sia D 
|S; |or|Ss| > 2 


EQUATIONS FOR STEEL SPRINGS 


The equations can be simplified for steel springs by 
substituting the values E = 30 x 10° psi and G = 11.5 x 
10° psi to give: 


The buckling factor 


ae 
1.16 Le : Le . 
q= D J( L ) + 0.61 ( L ) — 1.61 


The two reaction forces 


ae (1.44 X 10°) (a4) (L. — L) 
a nD 


H « — (uh + Ws) 
3.53 (Le — L) 


qD* tan (qL/2) ~ 


Layout of Pivot Rod and Compression Spring 


Pee ae 


5 eee 


WL ititiiio@e 


a 


WLLLLilllllldlllildliddd 








Compression 
spring 


So 
= 


x 
SRR w 





pee 


resultant force acts at distances 


0.282 q L D* 


H\ 
1 + P (Leo — L) tan (qL./2) cos (vi + w) 
H 3.53 (Le — L) 
E +p (:- q D* sin gL )] 
1 LH 
cos (¥2 + w) | TERR Seon + 0) | 


Calculations should be made at as many stages of 
compression as necessary, using the free and compressed 
lengths of the active portion of the spring for L, and L, 
respectively. 

Angles y, and , are at upper and lower ends of the 
spring and are the same as the seat angles if the spring is 
fully seated. When the spring is not fully seated the angle 
at which the spring becomes unseated must be used at the 
unseated end or ends. 


SAMPLE PROBLEM—SPRING FOR A PIVOT 
MECHANISM 
Given the system shown below in which the link swings 
through an angle measured 20° above and 30° below the 
horizontal, analyze the difference in performance between 
two coil springs with the same spring rate and free length 
but with these characteristics: 


Spring A Spring B 
Mean diameter, D.... 6 in. 4 in. 


Wire diameter, d.... 0.315 in. 0.276 in. 
Number of active coils, n Pe , 6.3 12.5 
Active free length, L.. . ; 18 in. 
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Chart A - Variations in seat angles 
and compressed length with 
pivot angle. 











From the above figure: 


10 sin @, y 10 cos @ 


10 V3 + 2 (sin @ — cos @) 


‘ ; ' 1 — cos 0 
> — tan™ 
1 + sin @ 


ba ¥ 


v2 O+ 
Typical calculations for spring A (when @ = +20°): 


L = 10 v3 + 2 (sin 20° — cos 20°) = 13.44 in 


vi = — tan” 1 — cos 6 — 2.57 0.0448 radians 
1 + sin 6 ae ae 


v2 = 20 — 2.57 = 17.43 0.305 radians 


Variations in L, , and %, for various angles @ are shown 
in Chart A, above. 


The buckling factor is 


1.16 “Tees 
= J - ) t 061 (<34u) — 1.61 0.194 in.~ 
13.44 saree 


The reaction forces are 


(1.44 X 10®) (0.315)* (18 — 13.44) 
(6.3) (6)* 


P = 17.4 lb 


47.4 (—0.0448 + 0.305 
~ 3.58 (18 — 13.44) 


. 2.61 
0.194 (6)* tan 2 


Line of action is at 
w = tan (— 0.1895) — 0.1873 radians 


= 8.99 lb 


continued on page 66 


PRODUCT ENGINEERING - JULY 18, 1960 








Chart B - Unseating tendency of 
springs in problem 

Dashed lines - Spring A 

Solid lines - Spring B 





= 





Ey=26°. 


Chart C - Shape of 
spring centerline 
under load 











COIL SPRINGS continued 





Chart D- Load-deflection Curves 








| j 
-10 0 10 
8, deg 





0.282 (2.61) (6)* | 
V1 + (— .1895)? (4.56) tan}1.3 cos (0.232) 


- 3.53 (4.56) 
| % Q: = - | = 
0.0448 0.1886 (: (0.194) (6)* sin 2.61 ) 


1.005 in. 
S. = — 1.54 in. 

Variations in 2S,/D and 2S,/D are shown in Chart B 
for both springs at various angles of 6. An unclamped 
spring with unground ends will unseat when 2S/D = +1, 
thus spring A will unseat when @ = +28°. 

Deflections from the line between the centers of the 
spring seats can be calculated by using the equation for y. 
Shapes of the spring center lines are shown in Chart C for 
@ = +20°. 

The vertical force F,, required at the end of the pivot 
link to deflect the link to various degrees of 0, can be 


8, = 


determined by a summation of moments about point 0, 


thus for spring A: 


a (10 + S:) (P cos ¥2 — H sin ys) 
< (10 + 10) cos @ 


his equation is plotted in Chart D for both springs. 


THEORY CONFIRMED BY TESTS 


A series of tests were made using a steel spring with the 
specifications: L, = 14.2 in. d = 0.283 in, n = 24, 
D = 2.18 in., squared and ground ends. 

The spring was mounted horizontally in a fixture with 
movable spring seats. Lateral deflections and unseating 
angles were measured with the spring compressed to 10.5, 
12 and 13.5 in. with various angles at the spring seats. A 
comparison of test results and calculations (shown in 
parenthesis) is shown below. 


Deflection at Unseating angle, 


2 
22° (23°) 
—§ 1.17 (1.30) in. 5 (13) 
+10 28 (32) 
—10 1.00 (1.08 29 (29) 
+-5 (3) 
—5 0.30 (0.36) (16) 


The tabulated values are averages and were repeatable 
within a range of about +0.05 in. for deflections, and 
+2° for unseating angles. Reversing the ends of the spring 
in the fixture caused no detectable difference in the results. 

The spring in the test fixture was subjected to two effects 
which were not considered in the analysis: eccentric load- 
ing caused by the end coils, and spring weight. Therefore 
the tests were conducted with the spring in a nearly hori- 
zontal position so that deflections from eccentric loading 
(in an upward direction) tend to balance the spring 
weight. 

To determine whether the spring buckled at the the- 
oretical value gL = 22, the spring was compressed by 
tightening a rod connecting the two spring seats. When 
the spring was compressed 4.35 in., the center of the spring 
side-deflected enough to come into contact with the rod 
(a deflection of 0.67 in.). The theoretical amount of 
compression to buckle this spring is 4.7 inches. 

REPRINT COPIES of this report are available for 25 cents each 


by addressing Reader Service Dept., Product Engineering, 330 
W 42nd St, New York 36, N. Y. 


EDITOR’S NOTE—As most designers 
know, designing the best spring in- 
volves many factors. For example: 

How Light a Spring for Absorbing 
Shock?, Feb 1 '60, p 49—You don't 
even have to know the spring’s dimen- 
sions—these equations quickly find 
the lightest type needed to absorb im- 
pact of a mass. Dimensions can later 
be varied at will without affecting the 
weight analysis. 

How to Design Multirate Helical 
Springs, Jan 20 '58, p 76—Two special 
methods for assembling springs in se- 
ries to obtain multirate character- 
istics. 

Your Guide to Springs that Store 
Energy Best, Nov 10 '58, p 71—Hqua- 
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tions and tables that give definite com- 
parisons among many materials and 
spring types. 

29 Ways to Fasten Springs, Dec 21 
69, p 66—A rundown of ingenious at- 
tachments for extension, compression 
and torsion springs. 

Reinforced Plastics for Better 
Springs, Nov 9 ‘59, p 74—Direction- 
ally reinforced epoxy laminates are 
more efficient than steel for many leaf- 
spring applications. Gives stress equa- 
tions. 

Glass-fiber Slieeve-springs for High 
Energy Absorption, Aug 17 "59, p 60— 
Latest development from research 
lab of world-farnous gun manufacturer 
can handle five times as much kinetic 


energy from impact as can equivalent 
steel springs. Included are charts and 
equations giving stress, spring, and 
energy-absorption characteristics. 

Saving Space with the Liquid Spring, 
Aug 17 '59, p 54—A single liquid spring 
can provide as much “springiness” as 
30 coil springs of same length and di- 
ameter. Article tells why and how. 

How Much Force to Defiect a Spring 
Sideways? Jan 5 ‘59, p 71—Formulas 
for force and stress when a load de- 
flects a vertically loaded coil spring 
in a lateral direction. 

Surge Waves in Compression 
Springs, Aug ‘57, p 147—Article pre- 
sents one of the most noteworthy ad- 
vancements in spring design. 
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A SAMPLE IS STUDIED either 
through an eyepiece, or (as shown) 
a recording camera is attached to the 
interferometer. In eyepiece method, 
interferometer is placed on the sample 
to be checked, the optical tube is low 
Comere Eye piece ered, and the cheerver looks apo 
adapter Leveling Eyepiece shows him a pattern o 
sharp black lines against a bright 
green background From the con 
naa figuration of the black lines, condition 
Mercury of the sample surface can be deduced 

” lamp and measurements made 
HOUSIDG mn The black interference lines form 
: a contour map of the surface being in 


Com for i spected. The distance between adja 
Sa... , Za cent lines represents a height per 
atte oat i pendicular to the sample of exactly 
10.74 microin. (0.000,010.74 in.) This 
is a fundamental constant for the in 
strument fixed by the type of light 
source and is the scale from which 
all measurements are estimated 
Thickness of the black line represents 
the roughness of surface 
Using the camera and measuring 
on film permits the maximum reso 
lution of 1/10 microin. to be realized 


Portable Interferometer 
for Polished Surfaces 


Optical method goes to the job to examine defects on 


highly polished surfaces. High resolution of the 
multibeam system reveals very fine details, makes 


measuring easier. 


THE HOUSING of the interferometer is constructed of cast aluminum 
It provides a steady base which stands firmly on a flat surface, and a 
V-cutout permits it to straddle cylindrical surfaces. Incorporated in the 
base casting are a microscope, mercury light source, and interference 
plate or optical flats. Lower end of the unit is suspended in a phosphor 
bronze diaphragm which prevents lateral motion but gives the necessary 
freedom for the optical flat to be adjusted to parallelism with the work by 
means of leveling screws. The leveling is accomplished by two leveling 
screws and a spring-loaded plunger at the upper end of the microscope 
After passing through a condenser and green filter, the mercury light is 
reflected by a front surface mirror through the optical flat to the work sur 
face. The microscope and the flat are raised and lowered to the work by 
a knob on-the side of the instrument 


PS .. . Interferometer’s range is from a few microin. down to 1/10 of a 
microin. The instrument has been called on to examine rolls used in producing 
aluminum foil, photographic film base and other web meterials, for checking 
the finish and curvature of gyro pivots, finish of bearing bolls, etc. Micromu | 
Surface Interferometer is produced by L C Eichner Instruments, Clifton, NJ. 
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PRODUCT DESIGNS 











Speedy Printer 


Has Plug-in Colors ae 


- 


i, 
7, 8 


Four ink-feeders at top of machine can be — sa = oe 
removed, thus reducing downtime when i 


changing brand patterns. Complex 

: : ia . oe PRINTING OPERATION involves two problems: 
handling mechanism speeds up to 200 cans printing and can-handling. Four-color press is built 
s . of around a blanket cylinder, which transfers the 
per minute through pt inter. colored inks from the printing plates to the cans. 
As the cylinder passes each color station, the four 
offset presses each deposit one color on the rubber 
blanket. The four colors are deposited in precise 
registration, and when the blanket contacts the can, 

all four colors are transferred in one rotation. 
Where succeeding jobs involve the same size cans, 
spare ink-feeders called “color stations” may be 
made ready as the press continues to operate. To 
, switch jobs, complete color stations are removed by 
PS .. . Can-printer uses dry offset process to print aluminum, overhead winch and new ready-to-go stations sub- 
tin-plate or plastic cans in four colors. Complete system consists of stituted. To facilitate off-press registration align- 
coater, which applies base coat; four-color press to apply the ment of printing plates, a preregister jig is used. 
desired print; plus drying ovens. A make-ready bench incorporates This consists of two microscopes mounted to focus 
en optical preregister device that makes it possible to positi on opposite sides of the plate or impression roller. 
printing plates accurately. First unit was produced for Keiser Reference marks on all four plates serve as guide for 
Aluminum Corp by Rutherford Machinery Co, Div of Sun Chemical positioning each plate on the roller so that precise 
registration is achieved when the color stations are 


Corp, Rutherford, NJ. 
mounted on the press. 
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Color stotions 


Oven chain 





CAN-TRANSFER line for four-color printer receives cans 
from the feed chain that carries coated and dried cans. 
At first transfer (A) air jet blows cans from feed chain 
to feed cups. Cans are passed (B) from feed cups to the 
feed wheels. Continuous-motion feed wheel transfers cans 
(C) to intermittent feed, which matches motion of the 
spindle turret. Rotating cam at (D) starts can on spindle 
where suction pulls can snugly into position. After print- 
ing, can is blown from spindie (E) and held on the transfer 
disk by vacuum cups, which contact the base. Final step 
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Spindle 
turret 


Blonket 
cylinder 


Feed wheels 


— —e —e —s — = /nlermiffent motion 


(F) is to blow the can from the transfer disk back onto 
the pins of the oven chain. 

Photo-cell detector moves the turret spindles out of 
contact with the printing and coating rollers if a can is 
missing from the spindle about to reach the printing 
stage. If a series of empty spindles reach the printing 
stage, the turret moves away and stays away until reset 
If a can projects beyond the end of the spindle because it is 
deformed, it touches a switch lever that causes a com 
pressed air jet to eject the can 





4 zh 





invisible, but hot... 





WELDS IN VACUUM 


T H CRANE, chief metallurgist 
High Vacuum Equipment Corp 
Hingham, Mass 


E lectron-beam welding is a new and sophisticated way 
to join most of the difficult-to-weld metals—highly reac- 
tive ones like zirconium and titanium, refractory metals 
like tungsten and molybdenum, and high-thermal-conduc 
tivity metals like copper and silver. 

An outgrowth of the X-ray tube and the electron micro- 
scope, this vacuum process directs a precisely focused 
stream of high-velocity electrons at the weld zone—fusing 
the parent metal as the electrons give up their kinetic 
energy on impact. The advantages are largely metallurgical: 

Weld-fusion zone is very pure. Electron-beam heating 
takes place in a vacuum, with atmospheric pressure below 
2 x 10* mm Hg. This means that the impurity level is 
less than 1 part per million, compared with 15 to 20 ppm 
for the best commercial shielding gases. A second purity 
bonus: nonmetallic inclusions are automatically removed 
Oxides, nitrides, and carbides undestroyed by heating in 
vacuum are ionized positively by electron bombardment, 
lifted out of the melt by the vacuum and attracted to the 
grid of the electron gun. Resulting welds show the im- 
provement in properties and porosity expected from vac 
uum melting. 

Heating is confined to a narrow zone and can be very 
rapid. Precise control over the electron stream gives pro- 
duction butt-welds with depth-to-width ratios of 2:1 to 5:1, 
roughly the reverse of inert-gas metal-arc welding. (Ratios 
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up to 20:1 are possible.) Thus heat distortion is mini- 
mized, and delicate parts can be joined. Sharply focusing 
the electron stream gives high electron density, hence a 
high rate of heating. This, combined with the narrow 
heating zone, minimizes heat-conduction losses, so that 
high-conductivity metals are easily welded. 

Heating is continuously variable. The weld zone can 
be barely warmed—or blasted with a power intensity that 
will boil tungsten. Transition between the two can be 
made smoothly by varying voltage; the start and stop pud- 
dies required in arc welding are not needed. There is no 
spatter. Pre- and post-heating can be done in the same 
equipment. 


THREE INHERENT LIMITATIONS 


Electron-beam welding has three major limitations, 
owing to its unique features: 


Vacuum chamber limits size of the part and maneuver- 
ability. Maximum chamber size to date is about 42 in 
ID x 10 ft long, some of which is used for fixtures and con 
trols that manipulate either the part or the gun, depending 
on the welding machine. Because of the vacuum, all such 
motion must be controlled externally, whereas in an inert 
gas glove box the operator has freedom of hand motion. 

Narrow heating zone requires close fit-up. Electron- 
beam diameter varies from 0.010 in. for very high-voltage 
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Electron-beam Welding—how it works 


® The typical electron-beam weider func- 
tions like an X-ray tube in that high- 
velocity electrons emitted from a cathode 
current source bombard the work to be 
welded. A major difference is that work 
bombardment must occur in a vacuum, 
since only at very low pressure (below 2 x 
10“ mm Hg) is it possible to obtain sub- 
stantial heating from the impact of an 
electron stream. This vacuum, needed 
for electronic reasons, also confers obvious 
metallurgical advantages since it is the 
purest, most inert welding atmosphere 
available. 

The emitter is housed within an elec- 
tron-gun structure, which serves as a con- 
trol grid. The hot cathode produces 
cloud of electrons which emerge through 
a small sharp-edged hole provided on the 
side of the gun nearest the work. As they 
leave this hole, a high negative grid po- 
tential constricts them into a small-diam- 
eter beam, following the rule that like 
charges repel each other. This beam is 
focused by electromagnetic or electrostatic 
methods (or a combination of the two) 
developed for cathode ray tubes and elec- 
tron microscopes. 

The electron stream is accelerated to- 
ward the work by a high-voltage potential, 
usually above 15 kv. Electron velocities 
can be as high as 75% of the speed of 
light. The individual electron, with a mass 
of 9.1 x 10 grams, strikes the work and 
gives up its kinetic energy as heat. The 
total amount of this impact heating, O 
in cal/min., can be calculated from the 
product of the accelerating voltage E and 
beam current I as: O = 1.4 x 10° El 


Two Types of Gun 


There are two distinct methods for ac- 
celerating the electrons, resulting in two 
types of guns—each with different focusing 
means. The distinction is important, be- 
cause both guns won't do exactly the 


same jobs. 


machines, to $ in. for moderate-voltage welders. 
heating depends directly on the amount of weld area hit 
by the stream, variations in gap will give variable strength 
along the weld. Then too, filler metal cannot be added, 
so that when edges don’t match—in sheared edges, for ex- 
ample—the beam will open the seam, rather than weld. 

Specialized equipment is expensive. Although beam 
welders are made up of such standardized components as 
power source, vacuum chamber, control console and elec- 
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Work-accelerated gun is the simplest 
(see sketches). A moderately high voltage, 
5 to 30 kv, is applied between the gun 
and the workpiece. The work thus be- 
comes part of the focusing system—much 
like the screen in a simple movie projector. 
Focusing system consists essentially of a 
shielded tungsten filament behind an elec- 
trode with an aperture. Most welding is 
done at 5 to 20 kv with up to 5 kw power, 
and beam diameters range from #y in. to 
$ in. The work must be placed precisely 
at the electron-beam crossover point to 
get maximum heating—making electronic 
stability somewhat dependent on joint de- 
sign. 

Addition of magnetic focusing and 
higher voltages to this simple gun gives 
much greater concentration of heat, allow- 
ing deeper penetration and a narrower 
fusion zone. Such a combination is very 
similar in design and complexity to an 
electron microscope, and costs roughly 
five times as much as the simple work- 
accelerated gun. Using voltages up to 100 
kv at about | kw, the high-voltage welders 
can also be used for machining intricate 
holes—using beams of less than 0.010 in. 
dia. These machines must be shielded 
against X-ray emission, and they require 
highly skilled operators. 

Self-accelerated gun combines the best 
features of the tow- and high-voltage work- 
accelerated guns. Both cathode and anode 
are contained within the gun—along with 
an electrostatic focusing lens. Electrons 
are accelerated within the gun, leaving 
through an aperture in the anode. Thus 
the workpiece is no longer part of the 
focusing system, and the space between 
gun and work is fiekl-free. This means 
that nonsymmetrical parts with sudden 
protrusions cannot influence beam be- 
havior, and that the gun can be mobile. 
Beam diameters range from ¢ in. to vs in., 
with 0.010 in. possible if a magnetic fo- 
cusing coil is added. Voltage level is 10 
to 30 kv at 5 to 10 kw. * 


thode 


; 
how £ ectron beam 


Work -accelerated Gun 


Self-accelerated Gun 





Since 


. Titanium 
. Zirconium 


(including r 


. Copper 





. Tantalum, niobium 7 


. Platinum-group metals 


. Ferrous-base alloys 


Metals Weldable with Electron Beam 


(in order, from easy to difficult 


Molybdenum 

8. Tungsten 

9. Beryllium 

10. Aluminum 

11. Magnesium 

(best with pulsed beam 


henium) 











ELECTRON-BEAM WELDING continued 


Two unusual one-pass welds show how electron beam can 
concentrate heat in a narrow zone, giving unusually high 
depth-to-width ratios. At left: 0.400-in.-thick Type 302 stain- 
less welded on high-voltage Hamilton-Zeiss electron-beam 
machine. Depth-to-width ratio is 20:1. Right: continuous 
“spike” weld made by NRC Equipment Corp welder on 
Type 347 stainless approximately 0.20 in. thick. Here, 
depth-to-width ratio is 4:1 since welder is low-voltage type; 
corners were not accessible for welding. Porosity in joints 
made by beam welding is extremely low, increasing slightly 
as depth of penetration increases. 


Liquid-nitrogen container gets head-to-shell joint with wide- 
pass electron-beam weld. Large beam diameter is used to 
broaden fit-up tolerances and give weld better strength at 
low temperature. Cap and tube are 2-in.-OD stainless Type 
304; require no precleaning. 


tron gun, each welding job requires special handling de 
vices, controls and the like. In aggregate, equipment costs 
usually exceed $14,000. This cost is easily borne when the 
joining job can be done in no other way; when a competi- 
tive process is available, costs and product quality must be 
weighed carefully. 
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Work-accelerated gun in position ready to 
make corner tube-to-flange weld. Workpiece 
is chuck-mounted and rotates past the fixed 
gun. Electron beam is shaped by conical 
grid, with the weld area positioned at the 
beam’s crossover point for proper focusing. 


MANY MATERIALS WELDED 


Weldable materials include all the metals and metalloids 
except manganese and chromium. Alloys of these two are 
readily weldable, but the pure metals have vapor pressures 
too high for vacuum welding: too much metal escapes 
by boiling to make sound joints. The table on page 71 
lists metals that have been welded successfully so far 
Of these, aluminum can give trouble if not precleaned 
adequately; with the same two-step treatment for spot 
welding aluminum, good nonporous welds become routine 
shop practice 

Vapor pressure at melting point is main criterion in the 
ranking in the table, though gas content of some metals 
is also a factor. For the metals with higher vapor pressures 

tungsten, magnesium and others—the key is high welding 
speeds. By welding at 50 or even 100 in. per min., 
enough metal can be retained at the mating surfaces to 
make the joint High speeds minimize the danger of 
vapor bursts interrupting the electron beam—even in the 
simple work-accelerated gun (see “How It Works”). The 
more complex, self-accelerated gun is less sensitive to inter- 
ruptions and, in extreme cases, can be pulsed for the 
very gassy metals 

Dissimilar metals can be joined because the heat can 
be highly concentrated. So far, there appear to be two 
major limiting factors, neither connected with melting 
point. First is the difference in thermal-expansion coefh- 
cients between the two metals being joined. Second is 
the formation of brittle alloy phases between them. 

Invar to copper exemplifies a poor coefficient match— 
weldable as long as some flexibility is designed into the 
invar member. Titanium to any ferrous alloy is nearly 
impossible because of cracking in the brittle Ti-Fe inter- 
face that forms at the mating surface. Examples of suc- 
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Design Hints for Electron -beam Welding 





Joining thin metals 


Beam weld 
Beam we/d 


Thick to thin 


Machined groove 
no longer needed 


Clad metals 


Complete with arc welding 
for strength 


Heavy flange 





Chill bars and clamps 


Beam weld 





Welds deep in slots 


Evacuoted containers 




















cessful dissimilar-metal welding include: titanium to copper, 


mild steel to Alnico V, and aluminum to mild steel. 

The two main effects of welding in a vacuum—removal 
of inclusions and prevention of oxide formation—combine 
to give electron-beam welds of unusual cleanliness. With 
the reactive metals like titanium, zirconium and vanadium, 
this results in higher-than-normal corrosion resistance and a 
drastic reduction in brittleness and notch sensitivity in 
the weld and heat-aifected zone. For refractory metals like 
tungsten, tantalum, molybdenum and niobium, welding 
is now a feasible production technique and the increase 
in hardness usually associated with weldments of these 
materials is no longer so great. Welds of tungsten and 
molybdenum are still not as ductile as desired, however 


DESIGN CONSIDERATIONS 


Despite the variety of equipment commercially avail 
able, as shown in these pages, electron-beam welding is 
just establishing itself as a production process. This means 
much has to be learned about the specifics of designing 
for the process. Here is what experience has shown to 
date: 


Thicknesses that can be welded range from 0.001 in. 
min to about 7 in. max. so far. If weld geometry is unim- 
portant, thicknesses up to 4 in. can be welded in the so- 
called low-voltage machines (10 to 30 kv). This will give 
a depth-to-width ratio of 2:1 or 1:1. For a narrower fusion 
zone, or for thicknesses over } in., the high-voltage ma 
chines (50 to 100 kv) must be used. Foil can also be 
welded to gage-size stock without warping the thinner 
material. 

Fit-up and welding-fixture tolerances are related to hot 
spot size. Run-out on fit-up plus fixture should not ex- 
ceed 10% of the beam’s focal-spot diameter, or else the 
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Weldments 


with many joints can be designed with over-all tolerance 


beam will try to machine rather than weld 


of +0.005 in., or approximately +0.001 in. per weld 
These figures are conservative: finish-machined stainless 
flanges have been welded to stainless tubing with a tol 


erance before and after welding of +0.0002 in 


Strength of the joint is still controlled by the as-cast 
structure of the weld, and 90 to 95% of base-metal tensile 
strength is still a good design value. There is a greater 
spread between yield and ultimate strength since vacuum 


melted materials are more ductile 


Heat-affected zone should be kept narrow as possible 
when welding refractory metals or alloys in the heat 
treated condition. Depth-to-width ratios depend on alloy 
system and voltage. For the low-voltage welders, 4.1 in 
stainless, 2:1 in zirconium and aluminum, and 1:1 in 
tungsten are common. These may be improved through 
use of chill bars, by increasing linear welding speed, or 
by going to a high-voltage beam welder 

Geometry of the weld should be a regular figure, trace 
able by circular and/or linear motions, rather than a com 
plex curve. The gun or the work can be manipulated, but 
the vacuum chamber forces these movements to be per- 
formed mechanically The electron gun must also be 
able to see all parts of the seam, since the electrons travel 
in straight lines from source to object. The self-accelerated 
gun is a distinct advantage here because its focus is not 
interlocked with workpiece position, allowing the gun to 
be mobile 

Clad metals are easily welded, but plated- materials are 
more difficult: conducted heat from the weld can _ be 
enough to evaporate the plating from the heat-affected 
zone. In these cases, high welding speed will help—along 
with chill bars to conduct away excess heat. Feasibility of 
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NRC Equipment Corp, Newton Highlands, Mass 





“3 


Hamilton Electrona Inc, New York 


welding a plated metal should be established by experi- 
ment, since weld geometry and the metals used both play 
an important part in the cooling process 


Dissimilar-metal joints require careful stress analysis to 


EDITOR’S NOTE: Other recent ar- 
ticles on the special problems of join- 
ing metals include the following: 

How to Choose the Right Solder 
Flux, June 13 ’60, p 43—An up-to-date 
flux-selection guide, based on chem- 
ical origin, covering all significant 
types. 

High Frequency—What It Means to 
Welding Design, Jan 4 '60, p 42—Op- 
erate a welder at 450 kc and above, 
and you get stronger welds in a wider 
variety of metals. 

How to Choose the Right Electrical 
Connection, Dec 7 '5$, p 71—Here for 
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ods 


Sciaky Bros Inc, Chicago 


Five electron-beam welders available for work 


These five welding machines are com- 
mercially available in this country. Dif- 
fering in design and appearance, all 
contain the same basic components: a 
vacuum chamber and pumping equip- 
ment capable of evacuation to 2 x 10° 
mm Hg or below, an electron-emission 
and focusing system within the cham- 
ber, a fixture to support the workpiece 
and move it under the electron beam, 
and a high-voltage power supply with 
appropriate adjustable controls. Basic 
units only shown here. First five 
machines are the so-called ‘low-volt- 
age’ type (15 to 30 kv) and sell for 


are 


thermal change. 


be studied to determine whether brittle 


the first time are direct comparisons 
among all electrical connection meth- 


permanent and separable. Ar- 


ticles give data from all sources. 


What the Tests Show About Sol- 


dered Aluminum Joints, Dec 7 ‘59, p 
84—There 
solders to choose from and each has 
its own 
they’re used and how they age. 


are dozens of aluminum 


characteristics. Here’s how 


Assembly Methods... an Engineer- 


ing Roundup, June 8 '59, p 91—A solid 
package of 
will solve some tough assembly prob 
lems, or spark answers to others. 


illustrated how-to's that 


$14,000 to $30,000. The sixth machine, 
a ‘high-voltage’ type (50-100 kv) devel- 
oped by Zeiss, sells in the $75,000 
range, or leases for about $25,000 per 
year. Optional equipment, such as spe- 
cial motion fixtures, special beam-fo- 
cusing and deflecting devices, TV 
viewing systems, and pulse generators 
are available on many units at extra 
cost. In some cases, the electron guns 
adapted to spe- 
cially-constructed) chambers. 
Note: Sciaky Bros welder was 
oped under with the 
Atomic Energy Commission 


can be existing (or 
vacuum 
devel- 


license French 


see that adequate flexibility is provided for differential 
Phase diagrams of both metals should 


intermetallics or 


brittle alloy phases form under rapid cooling 


One Temperature for 
Brazes, Dec 8 "58, p 84 
how tighter production control with 
special brazes allows multiple braz- 
ing without reducing operating tem- 
perature of final assembly. 

Magnetic-force Welding for Vinyl- 
clad Steel, Sep 15 "58, p 82—A method 
developed for electrical contact metals 
shows great promise for a new, but 
difficult-to-join engineering material 

Stresses in Adhesive Joints, July 7 
"58, p 64—Article analyzes six basic 
joints and shows how to calculate 
stress concentrations in each. 


Successive 
Article shows 
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Switzerland 


Patent Applications per 1,000 Residents 


Sweden 


Germony 








Norway 
Denmark 
Great Britain 
United Stotes 
























































WE ARE WELL DOWN THE LIST of industrial countries in the patent statis 
tics for 1950-1954. The figures come from the central office of the International 
Convention for the Protection of Industrial Property at Bern and from the c 
tries themselves. They account for 89 of atent pplications of the Cor 


| 


pul 


vention countries 


the lagging pace of US INVENTION 


We’re not nearly such great technical inventors as we seem 


to think. The author here presents some figures that 


put the US well down the list of the most creative countries. 


FRANK A HOWARD 
President 


Sloan Kettering Institute f Cancer Research 


Thc first thing we ip to believe, is that « 
country, which > ve lo regarded as the lead 


technical progress as shown by our efficient industri 


I 


high standard of living, is far from being a leader in 


capita output of inventions. The Swiss produce, per capita 
more than three times the number of patent applications 
that we do; the Swedes more than twice as many; and bot! 


the Germans and the English outrank us. In fact, our pet 

capita output of creative technical ideas seems to be neare1 

the bottom than the top of the list of mature industrial et us now compare this rather sharp downw 

countries I he trends in some foreign countries. In Canada and 
My authority for these surprising figures, so at variance but 


] } } + ] _— 
sland the trend is also down, 


but only by 5% and 6% 
with our traditional v of ourselves as a nation of prolif respectively. West Germany is now producing 20% more 
inventors, is a study of the world output of patent applica patents per capita than prewar Germany produced in 1930, 
tions over the years 1950-54, made by the French Associa ind in France the trend is also upward. I am afraid that 
tion of Patent and Trademark Agents (Compagnie des we must, therefore, accept the fact that our per capita out 
Ingenieurs-Conseils), and published by the French Min put of inventions is not onl w in the list of industrial 
istry of Commerce and Industry in 1957 countries but that it has declined 1: more, over the last 
The figures compared above are not the total patent 30 years, than that of ot! 
applications filed in each of the countries in question, but 
rather the applications filed in each country by its own 


people. The Commissioner of Patents has recently < 


The Reasons 


lected similar figures for 1958 which generaliy confirm 
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Patents 
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despite the sharp climb in R & D investment 


40 45 50 55 60 
R & D EFFORT IN THE US has risen tenfold 
but issued patents remain at roughly the same 
level. A constant 60% of these patents has gone 
to corporations throughout the 20-year period, 





US patents 


RED 
Expense 








44 48 


RECORD OF A SINGLE COM. 
PANY for straight industrial 


great technical and economic advance, has been observed 
by many people, and many explanations have been offered 
One explanation is that there is a growing concentration 
of research and experimental effort by corporations rather 
than by free-lance inventors; and that this well-organized 
work tends to produce fewer patented inventions which, 
however, have greater economic value. 

Data on this point (published in the first issue of the 
Foundation’s Digest—see Ed Note) seems to refute the 
idea. There has been no real change in the percentage of 
patents issued to corporations between the years 1936 and 
1955. Over this 20-year period the figure remained practi 
cally constant at about 60%. Over this same period the 
organized R & D effort of the country increased more 
than tenfold—from about 700 million to about 8 billion 
dollars per year. 

[his enormous increase in organized R & D, over a 
period in which our total output of patents remained 
about constant and our per capita output declined sharply, 
creates an impression that the output of inventions is not 
it all proportional to the amount of R & D. The major 
part of our national investment in R & D is made up of 
costly engineering development projects, such as atomic 
energy and military work that does not produce as many 
inventions as normal private research does. It also includes 
research in areas such as public health in which invention 
plays a very small part. 

I have, therefore, made an effort to see what happens 
to the output of inventions in a typical industrial research 
and development organization of large size, operating in a 
mature industry, and over a long period. Here (at left), 
taking the year 1959 as the base, the increase in research 
ind development expense over 1936 was almost exactly 
tenfold, about the same as the national figure. But the 
corresponding output of patents by this industrial research 
organization did not stand still, it increased about three- 
fold. 

As in the case of the national figure, the rapid increase 
in R & D spending for this organization was in part at 
tributable to inflation and in part to the high cost of some 
large-scale development work. Nevertheless, it is difficult 





research looks more encour- 
aging. R & D matched the na- 
tional ten fold increase, but 
the number of patents tripled. 


TECHNICAL PROGRESS may 
be measured statistically, 
though incompletely, as pro- 
ductive output per man-hour 
These increases reflect the 
improvements in our way of 
life, even though the number 
of patents issued remained 
constant The question re- 
maining—has our patent sys- 
tem fallen behind society’s 
progress? 


Output per mon hour 
mM 
° 
© 
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to reconcile the threefold increase in mutput of US patents 
in a single large well-organized R & D effort with the 
tendency of the national output of patents to remain 
constant over the same period, despite a similar tenfold 
increase in the national rate of expenditure for R & D 


Man-years per Patent 


The next figures to which I should like to refer give some 
indication of the amount of human effort which is involved 
directly and indirectly in the production of a patentable 
invention in present-day well-organized industrial research 
operations. Considered individually, inventions are unpre 
dictable by their very nature, but long experience proves 
that one can safely rely upon a regular flow of inventions in 
the general area of an organized industrial research effort 

To measure the average size of the human effort under 
lying each invention in such a flow of inventions, I asked 
several friends to supply figures from their own research 
organizations and, for simplicity, chose the year 1955. 
While the patent applications filed in 1955 are based on 
earlier work as well as on current work, the offsetting factor 
is that the same personnel is laying the foundation for 
applications in later years. As might be expected, the 
range of figures depends upon the nature and maturity of 
the industry and the varying ratio of the more creative 
employes to the supporting employes engaged in this in 
dustrial R & D. 

Taking the narrowest classification of creative employes, 
that is, technical or professional graduates engaged in scien 
tific studies and in laboratory or small-scale experimental 
work directed toward technical inventions, the normal ex- 
perience for research laboratories in the oil, chemical and 
electrical fields seems to be about 24 to 4 man-vears of 
effort for each patentable invention 

In the engineering field the man-years of effort underly- 
ing a patentable invention seems greater. In some indus- 
trial development groups where the professional personnel 
consists predominantly of process engineers, a representa- 
tive figure seems to be about 10 man-years for each 
patentable invention. And the figure seems to rise to about 
15 man-years in R & D in larger mass-production mechani 


cal industries, on which my data is, however, quite meager 


The above figures are based upon the personnel classi- 
fied as technical or professional which commonly, but not 
always, is restricted to scientific or engineering graduates 
(see PE—June 20, p 59). Each professional or technical 
employe must have the support of skilled and unskilled 
help of all categories, and this ratio varies widely, but a 
figure of 3 to 1 is fairly representative for research labora- 
tory groups, and this figure can become indefinitely higher 
for large projects reported as “development.” 

One might, therefore, say that in the research labora- 
tories of industry in the US at the present time each inven 
tion probably represents a minimum of about 74 man- 
years of human effort. For the engineering and develop- 
ment phases of technical progress the work required is 
indefinitely higher. If we refer again to our previous fig- 
ures and take the over-all national figures on expenditures 
for R & D and the total US patents now being issued, a 
calculation involving a number of assumptions indicates 
that the national average of effort underlying each patent 
issued to a corporation is probably now about 30 man- 
years. 
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This seems roughly consistent with the industrial re- 
search figures supplied by my friends in view of the lower 
vield of inventions in government research work and mixed 
government-industry research work which is included in 
the national figures. 1 have been able to make spot-checks 
on a few organized research groups in England, France 
and Germany and find that there seems to be no gross 
difference, although my figures are not adequate to use for 
industry or national averages. 


A Measure of Technical Progress 


The last figures to which I should like to call your atten 
tion are an effort to find some way of measuring the rate of 
technical progress in this country. Such progress results in 
entirely new products and improvement of old products, 
as well as in new methods of production. As an example of 
technical progress in quality of product, we know that 
improvement in gasoline has kept pace with related im 
provements in automobile engines so that two gallons of 
gasoline now do the work which formerly required three 
gallons, and that an automobile engine of the same type, 
which formerly developed 30-60 hp, may now develop as 
much as 250 hp. 

But it is impossible to find data of any kind to measure 
qualitative technical progress of industry as a whole. The 
only statistical common denominator for technical progress 
throughout industry seems to be the increase in output 
per man-hour. Using figures of governmental agencies for 
output per man-hour in all manufacturing establishments 
over the 40-year period 1920-1959, it appears to have 
increased at an average compounded rate of 2.9%/yt 
(bottom, left). I was interested to compare this figure 
with that of a single industry with which I am familiar, 
the petroleum-refining industry. Here the increase in out- 
put per man-hour over the same 40 year period was at an 
average annual compounded rate of 3.8%. 

I have tried to correlate these curves of technical progress 
as measured by increase in output per man-hour with the 
number of patents issued each year. We have seen that the 
number each year declined sharply between 1930 and 
1947 and has just now recovered, while over this same 
period technical progress has been very great. From this it 
would appear that there is no quantitative relation between 
technical progress and current output of patentable inven 
tions; but this conclusion is not confirmed by records of 
straight industrial research and resulting patents. 

Perhaps it is true that our patent system has not kept 
pace with our changing American society. This conclusion 
has been expressed in many quarters, but usually for quite 
different reasons, and much of the resultant effort has been 
spent in the search for abuses of the system, or in warding 
off the radical surgery prescribed for these alleged ailments. 
Perhaps it would now be more in the national interest to 
concentrate, for a time at least, on trying to strengthen 
the incentive effect of the patent system. 


EDITOR'S NOTE—This article was taken from an address 
by the author when he received the 1959 Charles F. Ket- 
tering Award for meritorious work in patent, trademark, 
and copyright research and education. The speech was 
given at the fourth Annual Public Conference of George 
Washington University’s Patent, Trademark, and Copy- 
right Foundation, on June 16, 1960, in Washington, DC. 
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These Wagner Motors Provide... 


A WHOLE BANK 
OF POWER 
FOR HOLE BORING 


Those are Wagner polyphase motors 
lined up behind the bits. Thirty of them, 
each rated at one horsepower. They 
provide the muscle needed to drill thirty 
holes through six 2 x 4’s, simultaneously 
and in six seconds flat. The saw on the 
end of the rig—powered by a five horse- 
power Wagner ‘‘Doubly Protected’’ 
polyphase motor—cuts the boards to 
size at the same time. 


I 





PED bitin 


This wood boring machine, manufac- 
tured by the Indiana Foundry Machine 
and Supply Company, is installed in the 
new Kopper’s Company, Inc. Plastics 
Division plant in Detroit, Michigan. 


It’s not too often that you see thirty 
motors lined up like this, providing 
power for one machine. But, whether 
the number of motors in a particular 
application adds up to 3, 30, or 300... 
if they’re Wagner Motors, you know 
they’re really doing a job. That’s usual, 
for Wagner Motors have been getting 
the job done for more than 65 years. 
And, a program of constant research 
and development in electric motor de- 
sign makes sure that Wagner Motors 
will continue to lead where it counts... . 
in performance! 


Mind a suggestion? Call your nearby 
Wagner Sales Engineer for an analysis 
of your next motor application, be it 
for plant or product. Whatever your 
requirements, Wagner can supply a 
standard motor, or build a special motor 
to fit your needs. There are Wagner 
branches in 32 principal cities across 
the country, at your service. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 
Wagner builds Poly- 


Wasner Electric Corporation 
phase Motors in rat- 


ings from 1/6 through 6406 PLYMOUTH AVENUE, ST.LOUIS 33, MISSOURI 
1,000 hp.; single 

phase, 15 hp. and 

smaller. 


SERVING 2 GREAT GROWTH INDUSTRIES — ELECTRICAL ¢ AUTOMOTIVE 
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what you should know about 
an important model-shop material— 
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POLYAMIDE-CURED EPOXY RESIN 


PETER C NOY, technical representatives, Nicromatic Lid, Toronto, Ont 


Coored epoxy resin can be the design engineer’s willing 
workhorse and a favorite in the model shop. But unless 
the curing is done with a polyamide you'll probably run 
into trouble—it will be either too hard and brittle, it 
may shrink too much, or it may not even cure properly, 
and you won’t know why or what to do about it. 

Advantages of polyamide resins over the many other 

types of curing agents are: 

1. Precise calculation of required mixture quantities 
is unnecessary—by simply varying the proportions 
of polyamide to epoxy you can have either a hard 
or a flexible material. Cure time at room tem- 
perature is about 12 hours. 

No skin irritation or toxic hazards exist with poly- 
amide resin; also, it does not have an unpleasant 
odor. 

The polyamide also acts as a “flexibilizer” that 
modifies the basic epoxy resin—a curing agent 
without this ability cannot change mechanical 
characteristics of the resin being cured. 
Polyamide-epoxy compositions resist impact so 
well that they can replace steel as material for 
drop-hammer dies. 

Exotherm and shrinkage are reduced—you can 
pour larger castings than with the unmodified 
epoxy. 

Adhesive properties are improved in terms of 
shear strengths, peel strengths, low-temperature 
performance, and adhesion to flexible plastics. 


PUTTING POLYAMIDE TO WORK 


There are few difficulties in the way of complete suc- 
cess with your first attempt at working with epoxy- 
polyamide compositions. It’s just a matter of mixing 
and pouring—but watch out for air bubbles, and be sure 
to get a thorough mix. Here’s what to do to avoid 
trouble. 


Mixing 
To ensure homogeneity, mix the resins in a paper 
cup for about 5 mins. (A throwaway wooden tongue- 


depressor makes a good stirrer). If time is not skimped 
in the mixing you will never have a poor mix. 


Air Bubbles 


The mixture of 100 phr (parts polyamide per hundred 
parts resin) has medium viscosity and tends to develop 
air bubbles during mixing. With a pot life for 300 cc. 
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PROPORTION OF POLYAMIDE to epoxy resin can be 
varied to produce flexible or brittle material. Within 
limits—the more polyamide, the greater the flexibility 


at room temperature of about 14 hours before cure 
starts, there is ample time for de-aeration. Best way is 
to place the mixture in a vacuum. Failing this, cover 
the surface with isopropyl alcohol to kill surface ten- 
sion and tease the surface from time to time with low 
velocity air. The bubbles will be soon eliminated 


Pouring 


For large castings—say, larger than a baseball—pour a 
cupful at a time and wait until each is cured before 
adding the next. The bond between the already cured 
resin and the newly poured mix, when set, will be vir- 
tually as strong as the homogeneous material itself. 
However, the fresh mix can be poured at the gel stage of 
the previous one—this slightly increases bond strength, 
slightly decreases total pouring time. 

For castings under 5 Ib, or thin sections, typical cure 
times vary from 3 hours at 150 F to 20 minutes at 300 
F. Castings heavier than 5 Ib do not require any external 
heat for cure. 


Shrinkage 


The only objection to pouring all of a bulky casting 
at one time is shrinkage. The larger the casting, the 
more the temperature rise owing to exotherm. The 
more heat involved, the greater the shrinkage will be. 
Best way for large castings is to pour about 4 gal. at 
a time, let it shrink, then pour another mix to fill out 
the walls of the casting. A suitable silicone release 
agent will prevent the epoxy from adhering to the mold. 


continued on page 81 





US) PowerGrip “TIMING’® BELT from the Power Unlimited complete belt line 


NO “WRECKS” FOR THE VIKING WIRE CO., INC. 


U.S. PowerGrip “Timing” Belts take the “wrecks” out of 
the Viking Wire Company’s operation. This plant is one of 
the most modern in the business, producing fine-drawn 
enameled wire for electrical and electronic industrial cus- 
tomers. It specializes in producing long-length wires—giv- 
ing it a definite sales advantage and profit. 

The Viking Co. uses 26 U. S. PowerGrip “Timing” Belts 
exclusively on its wire-drawing machinery because the belts 
allow for a constant long-length draw through the dies with 
uniform speed and constant finished diameter on the wire. 
This ability to draw an uninterrupted length of wire sharply 
increases the company’s efficiency in the enamel room. The 
production of long-length wire, once it is enameled, also 
steps up the production of its industrial customers. 

This company also uses numerous U. S. PowerCrip 
“Timing” Belts in its enameling room because they provide 


Mechanical Goods Division 


constant speed drive, eliminating burns or over-insulation. 
A failure caused by a “wreck” always meant great loss in 
finished wire, with the oven out of production for several 
hours. 


U.S. PowerGrip “Timing” Belts with speeds ranging to 
16,000 r.p.m. and up to 1000 h.p. have made possible the 
design and production of hundreds of appliances and 
equipment, ranging from sensitive electronic devices, office 
machinery, household equipment and gigantic production 
machinery. 

EXTRAS: « You can use a smaller, low-cost motor * Short 
and fixed centers, high ratio * Reduces assembly costs be- 
cause fewer units are needed. 

One way to get expert and instant power and transmis- 
sion advice is from the U. S. Distributor. 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. 
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In Canada: Dominion Rubber Company, Ltd. 
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POLYAMIDE-CURED EPOXY RESIN continued PRODUCT 
ENGINEERING 























12 Basic Jobs for Epoxy Resin 


Thermosetting with less than 1% shrinkage, cured 6.Draw dies—mix with powdered iron and 
epoxy resin is about seven times tougher—see Table graphite for short runs and sheetmetal under 
I—than cured phenolic resin; it requires no pressure 16 gage. 
or external high-temperature for curing; it is a power- 7. Patching cement floors—mix with sand, 
ful adhesive and is extremely resistant to attack by crushed stone, etc. 
strong caustics or acids. It performs like a champion 8. Patching castings. 
for any of the following engineering requirements. 9. Chuck jaws for irregular work. 
1. Models and prototypes. 10. Repairs to chemical equipment. 
2. Adhesive. 11. Fillets and repairs to corroded sheetmetal 
3. Metal solders (when mixed with powdered laminate with glass cloth over large, open 
iron, aluminum, bronze, etc.) areas) . 
4. Encapsulating electronic components. 12. For a tough paint, thin with isopropyl alcohol 
5. Nests and fixtures. and fill with pigment. 


DESIGN FILE 


TABLE i—Comparison of Epoxy-resin Strengths 





Modified 
RESINS AND FILLERS a Unmodified with polyamide | Test method, 


Cost for the mixture is about $13 (approx 100 phr*) AST or OAR. 
to $14 per gallon. Some sources 
for epoxy resins are 





Tensile, psi 8000 to 12,000 psi, | 4500 to 7000 688-52TD (2-9) 
ultimate ultimate 
Compan Tradename 
— cadenamt Compression, psi | 15,000 yield, 7000 to 12,000 0695-54 
Bakelite ERI 18,000 ultimate 
Ciba Araldite , 
Dow DER Flexural, psi 18,000 7000 to 9,600 D790-49T 


Jones Dabney EPLRI Z. Elastic Modulus 400,000 to 200,000 to By any of the 
Reichold EPOTUI 600,000 300,000 above 3 methods 
Shell EPON 
: ’ . Impact resistance 0.2 ft-lb per in. 0.3 ft-lb per in. ASTM D256-54T 
For polyamide resin: VERSAMID width (Izod) width (Izod) 
General Mills 


(In Canada, 2 ft-lb 9 ft-lb Mil-C-16923 
Caledonia Chemicals (Failing ball test) (falling-ball test) Ships 











For fillers: Hardness, 100 Less than 5 to 100, ASTM 

Godfrey L Cabot Cabosil Rockwell M depending on poly-| D785-51 
+ - ; h 

Monsanto Santocel 54 oniee ye 


Davison Chemical Corp Hy-sil 




















* Parts per hundred of resin 


These are fluffy fillers that greatly 
increase body of mixture without TABLE !i—Properties of 3 Related Polyamides 
adding to weight. Other fillers are 
Metal powders, glass fibers, cloth, : : ' 
plaster, sand, etc. In general, fillers Property — — — 





will improve one or more charac 
teristics of the cured resin—e.g 
they can reduce shrinkage, lower 
the coefficient of thermal expansion, 
improve thermal conductivity, in- Melting point, °C 43 to 53 Fluid Fluid 
crease tensile strength—usually at 
the expense of the over-all proper Viscosity, centipoises: 
ties. at 77 F 40,000 to 60,000 
at 104 F 80,000 to 120,000 

at 302 F 10,000 to 15,000 





Amine value 8&3 to 93 210 to 230 290 to 320 




















* Calculations have shown that stoichiometric quantities for typical epoxy-polyamide mixes are: For 


amine values in the 200 range, about 80 phr; for amine values in the 300 range, about 45 ph: 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Nylon disk 

Meta/ heat ’ 
sink Removable 
; r valve sear 


Valve for 6000 psi... . 
liquid or yas service is said to provide bubbletight shutoff even when entrained for- 
eign particles are caught on nylon disk, swaged into valve guid 


g Monel valve seat ha 
O-ring seal. Designed to operate from 


20 F to 275 F, valves are in all standard pip- 
ing sizes from } to 2 in., in globe, angle, needle, check and relief models. $5 to $150, 
depending on size and service. 2 to 4-wk delivery. Combination Pump Valve Co, Dept 
115, 851 Preston St, Philadelphia 4. 

Circle 300 on Reader Service Card 


Nylon with finer crystalline structure .. . 

spherulites are 2.1 microns max, compared with conventional 17 to 26 ) absorbs water 
much more uniformly, limiting warpage and distortion. Better molding characteristics 
and properties in finished parts made of the new nylon are reported. Foster Grant Co, 
Leominster, Mass. 


Circle 301 on Reader Service Card 


Bidirectional step motor .. . 

provides starting, stepping and stopping for positioning or digital-to-analog conversion 
at frequencies up to 300 pulses per sec. Up to 100 steps per sec are possible with 
80 in.-oz applied load; up to 200 steps per sec with 40 in.-oz applied load. Motor 
remains locked during dwell periods in pulse signal source with static break-away torque 
of 200 in.oz. Will accept sine wave, square wave or triggered pulses as low as 6 v 
peak. Available with either rotary output shaft or nonrotating coaxial lead screw 
Farnham Div, Wiesner-Rapp Co Inc, 4050 Buffalo River, Buffalo, NY. 


Circle 302 on Reader Service Card 


82 














3 


Tube-support brackets 


ure stackable and adaptable to wide rang 





of tubing sizes. Reported to eliminate 


hand-made clamps. Brackets comprise two 
} 


lamp halves, each of which has a series of 


half-round holes. Clamp halves can be 
bolted to machine surfaces and to each 
other. Clamp is completed by slipping 
bushings with ID identical to tubes to be 
supported over tubes and then clamping 
bushing between bracket halves. All bush 
ings have same OD. Clamp halves can be 
formed to support any number of tubes 
by cutting long sections with a hacksaw 
Long model, about $4.25; shorter models 
ire priced proportionately. From _ stock. 
Thunderbird Industrial Equipment Co, 
14601 Bredin Ct, Livonia, Mich. 

Circle 303 on Reader Service Card 


Phase-shifting transducers . . . 
ire used at specific frequencies to pro 
duce continuous time delays or phase 
variations directly proportional to shaft 
rotation. Originally developed for measur- 
ing time intervals in radar ranging systems, 
phase-shifters have been applied success 
fully to measurement of angular motion 
nd distance, studying frequency modula 
tion, sine/cosine generation, industrial 
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measurement/control and in navigation 


systems. ‘Transducers are complete phas 


shifting systems, including capacitor, 
bridge network and balanced line compo 
nents. Max operating speed is 500% 
rpm. Capacity-coupled design eliminates 
brushes. Nilsen Mfg Co, 23 N Church St, 
Addison, Ill. 


Circle 304 on Reader Service Card 


Clutch has friction elements 
 *. 


permitting longer torque arm and greate1 
friction area for given-size unit. Electro 
magnetic clutch is 


multiple disk-type 


flanged for attachment to engine flywheels 
or other driven mechanisms; also adapt 
able to through-shaft drives. Available in 
two-, four- and six-disk models, in 7-, 9-, 
13- and 15-in.-dia sizes, with torque ratings 
up to 4000 ft-tb. Price, $1041; delivery, 
6 wk. Stearns Electric Corp, 120 N Broad- 
way, Milwaukee 2. 

Circle 305 on Reader Service Card 


Filled-Teflon 100-FEP resin . . . 
which is compounded with inorganic 

inforcing materials, 
for injection molding 


has been developed 
Said to be stiffer 
to have smaller shrinkage factor (up to 
50%) in molding operations and to have 
better wear resistance than unfilled Teflon 
100. Now available filled with 10 or 20% 
fiberglass to injection molders. Crane 
Packaging Co, Dept PE-1, 6400 Oakton 
St, Morton Grove, Il. 

Circle 306 on Reader Service Card 


Filter configurations . . . 

for pumping units are designed to simplify 
intake piping. Body shapes permit instal- 
lation on some existing pumping units 
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without use of elbows, which means that 
pressure drop capacity of pump can be 
utilized to tolerate dirt in filter instead of 
cing used up to lift fluid up to pump 
Because amount of pressure drop in intake 
line can be limited by varying resistance 
of pressure-drop control spring, possibility 
f cavitation in pump is said to be elimi 
iated. Automatic bypass opens before su 
tion can become excessive. Shapes now 
ivailable include bottom inlets, side inlets 
ind side outlets. Regardless of body shape, 
however, all have sliding cartridge and ex 
ternal dirt indicator. Rosaen Co, 1776 
E. Nine Mile Rd, Hazel Park, Mich. 

Circle 307 on Reader Service Card 


a a i a (SSCS Beeeanense: BF 4 ‘ 


Blind-mounting aircraft locknut 
s one-piece, self-locking threaded fastener 
that is installed from one side in singlk 
drilled hole by pressure tool Fastener 
is threaded small 
When 


nut is pulled under axial pressure for as 


internally and has 
knurled collar or heat at one end 


sembly, annular groove in interior swages 
out on reverse side to grip sheet Aus 
tenitic stainless steel fastener is for use 
with 125,000-psi tension and shear bolt 
ing. Can be used in metal sheets 0.040 
to 0.400 in. thick and of Rockwell C 
hardness up to 21 Made in standard 
sizes No. 10 through 2 in. dia and in 
nine grip lengths 0.040 to 400 in 
in 0.040-in. increments. Standard Pressed 
Steel Co, Jenkintown, Penna. 

Circle 308 on Reader Service Card 


Circuit-switching device . . . 
allows instantaneous setup or program- 
ing of circuitry logic between X and Y 
axes of terminations, without use of patch- 
cords, and, at the same time, permits 
interposition of diodes of other miniature 
electronic components between any X 


ind Y 


two separate layers of formed, silverplated 


termination Unit consists of 


beryllium-copper contacts mounted on 


plastic boards at right angles and sep 


y I Iw planes of con 
connected in X and 


guration to outsid 


Y axis cor 


circuitry and can 
connected at any point by insertion 
shorting plug, eliminating need for 
Available 
Plug-ins are based on 0.250 x 
in. modules. Sealectro Corp, 139 

Hoyt St, Mamaroneck, NY. 
Circle 309 on Reader Service Card 


yins and patching cord 


Oil-resistant plastic belting 
is said to retain coefficient of friction even 
when large quantities of grease or oil are 
present The all-synthetic flat 
joined by heat sealing, without lacing 
or sewing. R & J Dick Co Inc, Dept 
P60, Totowa, NJ. 
Circle 310 on Reader Service Card 


belting 


Transformer 2 to 30% smaller 

d lighter than types now in use has been 
made possible by forming core of lamina 
tions of steel strip from continuous roll 
Resulting U-shape nests of laminations are 
fitted together, with strips at top of U's 
Nested cores allow 
to flow 


with grain of steel, rather than across grain 


interleaved or meshed 
magnetic lines of force ontinually 
as occurs in “EI” laminations. This is 
said to reduce resistance of magnetic cit 
ut, permitting new transformer to oper 
ate as efficiently as conventional unit that 
has larger, heavier core. Both “core”’- and 
“shell’”’-type transformers can be made in 
any size ranging, at present, up to 18x 18x 
Dept FT, Sylvania Electric Prod- 

ucts Inc, Ipswich, Mass. 
Circle 311 on Reader Service Card 


36 in 


Oil-resistant adhesive .. . 

for general-purpose bonding of wood, felt, 
cork, insulation, fabrics, leather and some 
synthetic rubbers to themselves and t 
metals, produces bonds also said to b 
resistant to heat, cold, water and gasoline 
Qualities are 


reported to improve with 


continued on page 84 





3 Ways to 
Slash 


Fastening Costs 


84 


with 


PALNUT 


LOCK NUTS 
and 


FASTENERS 


1. Save on First Cost 
PALNUT Lock Nuts and Fasteners 


are precision-produced in enormous 
volume at exceptionally low cost. 
They are priced lower than other 
locking methods, often less than 
plain nuts, 


2. Save on Assembly Cost 


PALNUT Lock Nuts and Fasteners 
apply easily and fast with ordinary 
tools. Assembly is greatly simplified 
and speeded-up by using PALNUT 
magnetized sockets and applicators 
which permit picking up, starting 
and tightening in one high-speed 
operation. 


3. Save auxiliary parts 
and operations 


A single PALNUT Lock Nut or 
Fastener replaces two, three, even 
four fastening parts according to 
application. You can eliminate lock- 
washers, flat washers, sealer washers 
and cotter pins. You can save the 
extra cost of threading, drilling or 
grooving other fastening members. 
Assemblers handle a single PALNUT 
—reducing parts to buy, stock and 
assemble. 


Spring tempered steel lock 
nuts exert double locking 
action to keep parts tight. 





Simply push on for fast as- 
sembly. ~~ Sm grip 
holds parts tight. 


=) 
2 © 


PALNUT SELF-THREADING NUTS 


Make their own threads while tightening on 
unthreaded studs, rod and pins ef any mal- 
leable material, Save cost of threading — 
apply fast —hold tight. 





Write for latest catalog and free samples, stating type, size and application. 


Also consult Sweet's Design File. 


ADNIUiTA 


THE PALNUT COMPANY 


DIVISION OF UNITED-CARR FASTENER CORPORATION 
65 Glen Road, Mountainside, N. J. 
Canada: P. tL. Robertson Mfg. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 
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. continued 


age and without loss of flexibility. Light 


tan adhesive has brush-consistency viscos 
ity 1 gal will coat about 200 sq ft 
Supplied in l-qt, I-gal, 5-gal and 55-gal 
containers. Schwartz Chemical Co Inc, 
50-01 2nd St, Long Island City 1, NY. 
Circle 312 on Reader Service Card 


Inexpensive electronic counter 
for automatic control of industrial proc 
esses, actuates equipment at any preset 
ount from 2 to 100, at speeds faster 
than 1000 operations per min In op 
eration, batch count is set on direct-indi 
ating switches. When count is reached, 
control relay closes momentarily (100 
millisec to operate external device 
Counter instantaneously resets to zero 
ind continues counting process. Priced 
it $148. Model designed for actuation 
in batches up to 10 seils for $110 
Standard Instrument Corp, 657 Broadway, 
New York 12. 

Circle 313 on Reader Service Card 


Analog programer .. . 

is arbitrary-function generator wherein any 
ingle-value function (Y) drawn on graph 
paper with conductive ink is converted 
to proportional voltage as function of 
time (X) 


ind response time of less than 10 micro 


Said to have accuracy of 0.5% 
sec to full scale. Consists of chart-sup 
porting drum, resistive roller or potentiom 
eter and two contact rollers. Synchronous 
motor, working through gear assembly, 
drives chart drum. American Measure- 
ment & Control Inc, 240 Calvary St, 
Waltham 54, Mass. 

Circle 314 on Reader Service Card 


Instrument-dehydrator units 

onnect directly into system line to pro- 
tect sealed instruments, relays, sparking 
contacts and similar components from 
moisture, contamination, oil vapor, fuel 
vapor and corrosive or explosive gases 
Fiberglass pads also control downstream 
particle size to less than 10 microns. 
'ransparent housings permit desiccant 
material and moisture indicator to be vis 
ible at all times. Sizes are 1.125 to 2.81 
in. dia, lengths from 2.25 to 9.72 in, 


continued on page 85 
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continued 


1.25 lb. Throw 
away and refillable types are offered. Rob- 
bins Aviation Inc, 2350 E 38th St, Los 
Angeles. 

Circle 315 on Reader Service Card 


weights from 0.07 to 


High-capacity couplings . . . 

are shaft-rated to permit selection of flex 
ible coupiings by shaft diameters. All 
working parts are high-tensile steel, heat 
treated for 
longer service life 


higher torque capacity and 
Available in finished 
bore and taper-lock bushed types in stock 
1155 different shaft diameter com 
ommodated Also 


reboring to 


sizes 
binations can be acc 
supplied for accommodate 
nonstandard shafts of ye to 64 in. dia 
Diamond Chain Co, 402 Kentucky Ave, 
Indianapolis 7 

Circle 316 on Reader Service Card 


Color-coded compression taps 
have color bands that match correspond 
ing colors on dics of installing tools to 
assure correct compre $si0on and permanent 
installation. Nine sizes will tap any tw 
copper conductors from two No. 10s t 
two | ombination of 


from Ni 


strength is 


Os and any 
main to smaller branch 
3/0 ‘Tensile said to exceed 
UL requirements Thomas & Betts Co, 
36 Butler St, Elizabeth 1, NJ 


Circle 317 on Reader Service Card 


0 & 


Instrument-control knobs . . . 

are designed to meet MS-91528 specifica 
Knobs 
Tenite No. 2 


tions for military applications 


are molded of black with 


continued on page 86 
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CHARLES BRUNING CO., 


Now the 

Bruning Man 
brings you the 
Whiteprinter that 


GIVES YOU 


THE MOST 


x: -- THEN OFFERS 
MORE! 


Pn 


watt 
_ w 
’ 


mypypee 


\ 
is 
It's Bruning’s Great New 
Versatile Model GOO! 


it gives you the most! And we'll just mention the 42 
printing width, 5,000 watt lamp, automatic separation, 
and 75 fpm speed range. But consider such built-in 
extras as: a feeder-band system for extra speed and 
assured print protection, dual air filtering for cleaner 
and sharper prints, pressure-roller developer system 
for instant and positive development at all times, split- 
shade lamp control for simultaneous running of two 
different materials. 
it offers you more! Now take your choice, to suit your 
needs and budget, of these options: a 7,500-5,000 watt 
lamp with selector switch, a 4-way tracing tray, an auto- 
matic level-keeping developer pump, a deluxe feedboard 
unit complete with vacuum ports, swing-out rods for roll 
stock, non-sag paper cutter, drawer, even an ash tray. 
If you can’t beat it, why not join the “600.”’ It’s easy 
with Bruning’s Lease-Purchase plan. Call your nearby 
Bruning Man, or mail coupon for a prompt reply. 


INC., DEPT. 7-V, 1800 CENTRAL ROAD, MT. PROSPECT 


TODAY & 


Nome _ 





(BRUNING ) 


Company 





© AVGOL NOdNOD TVW 


Copytlex® 


FFICES IN PRINCIPAL U.S. CITIES ¢ IN CANADA; 103 CHURCH STREET, TORONTO |, ONTARI 


Address 


———— _Stote 


© MAIL COUPON 
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“Whether it's cold or whether it's hot” .. . the weather is 
still one of the big topics of every day. Helping you to keep 
track of the weather are those big billboard thermometers 
you pass along the way. And the readings on the big dials 
are accurate, too, thanks to T. W. O'Connell thermometer 
movements supplied to the electric sign industry. Simplicity 
is the keynote . . . all excess parts are eliminated. The big 
pointers are rotated by a direct drive which is motivated by 
Chace Bimetal Coils. Temperature range: minus 40° to 
plus 120°. 


Many of the uses of Chace Bimetal are in areas far removed 
from the excitement and romance of missiles, rockets, 
satellites and so forth. Millions of temperature controls, 
switches, circuit breakers and, yes, billboard thermometers 
keep the American way of life functioning smoothly. In 
most cases we are hardly aware of the fact that they're at 
work, because they operate for years without care of any 
kind. Even the purposely simple O'Connell Movements must 
be built to withstand the rigors of exposure to all sorts of 
weather conditions. Chace’s third of a century in manvu- 
facturing precision bimetal only is one of the main reasons 
why Chace is specified by large and small buyers every- 
where, whether their products be complex or simple. 


If your new product is approaching the design stage send 
for “Successful Applications of Chace Thermostatic Bimetal." 
lt contains illustrations and design data on more than 30 
different types. Chace bimetal is available in strips, coils 
end in completely fabricated elements of your design. 


W. M. CHACE CO. 
Theunorstalic Bimetal 


1607 BEARD AVE., DETROIT 9, MICH. 
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ribbed construction used in _ large-dia 
knobs. Standard shaft hole is $ in. Avail- 
able for immediate delivery in six types, 
including rounds, skirted rounds, dial 
skirted rounds, plain and skirted pointers 
and crank-types. Six different sizes are 
provided in mil-spec matte black finish 
and also in mirror finish. Lerco Elec- 
tronics Inc, 501 S Varney St, Burbank, 
Calif. 

Circle 318 on Reader Service Card 


Three-phase induction motor 
is said to develop 12.4 hp, 11,600 rpm 
in compact configuration that measures 
54 in. dia x 9% in. long. Weighs 17.72 
lb. Input is 200 v, 400 cps, three-phas« 
10.1 kw, full load. In addition to being 
totally enclosed and explosionproof, motor 
also features thermal overload protection 
Intended for airborne or ground-based 
axial vane blower applications. Said to 
meet requirements of MIL-M-7969A and 
environmental requirements of MIL-E 
5272A, Procedure I. Kearfott Div, Gen- 
ol Precision Inc, 1150 McBride Ave, 
Little Falls, NJ. 

Circle 319 on Reader Service Card 


Sealed time totalizer . . . 
registers up to 9999.9 hr total operating 
or nonoperating time for any type of 
electrically controlled equipment. Entire 
unit weighs about 4 oz, is hermetically 
sealed and is said to meet, dimensionally, 
MS-28053 and NEMA standards. Re- 
quired operating power is 115 v, 60 cps 
or 400 cps. Drum-type counter is driven 
by constant-speed motor from instant 
power is applied to motor circuit. Min 
life is reported to be 10,000 hr. Cramer 
Controls Corp, Centerbrook, Conn. 
Circle 320 on Reader Service Card 


Gasketing material . . . 

is special Buna-N rubber compound that 
is reported to perform well in hot-oil 
applications up to 350 F. Said to have 
wider range of useful life between low 
and high temperatures than some poly- 


continued on page 88 
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Wherever flexible tooling or 


compounds based on THIY 


OUTCAST } 


When polysulfide base materials supplement plaster 
of paris in originating, refining and producing molds, 
production efficiency and economy step up. 

Properly formulated, these specialized materials 
pour easily and cure at room temperature. They are 
faithful to original models in detail and dimension. 
Accurate in reproduction. Unbreakable. Quickly 
reproducible. Unaffected by environmental condi- 
tions. Workable with practically all forms of cold 
casting media up to 250°F 


a 


_ 
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ng techniques are adapted, 
L polysulfide polymer. . . 


VEM ALL 


For over 10 years—automotive, aircraft and rub- 
ber manufacturers, pattern shops, potteries, foun- 
dries, art plaster shops and sculptors have successfully 
used THIOKOL polysulfide-base molding materials to 
develop prototype models and to produce perfectly 
cast parts in both small and large volume. Cold mold 
casting materials using THIOKOL polysulfide polymer 
are made commercially available by processors such 
as The Perma-Flex Mold Company. Want to know 
more? Send the coupon 


FOR MORE INFORMATION: Mail coupon to Thiokol Chemical 
Corp., Dept. FM-41, 780 N. Clinton Ave., Trenton 7, N. J 


Gentlemen: I'm interested in casting compounds 
based on THIOKOL polysuifide polymer. Please have de- 
tails forwarded by manufacturers of these compounds 


Name 





Firm 





Street 





City. ——— 2 ONE State 


Thiokol supplies only polysulfide liquid polymers as raw 
materials for compounding by others as finished products 
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WHATEVER YOUR REQUIREMENTS 
FOR ROTARY PUMPS, THERE'S 
A ROPER T0 DO THE JOB 


Series T .3 to 55 GPM 
Choice of 192 Models 


Pump and motor units... pump serves as end bell 
of motor. Require minimum space . . . easily in- 
stalled . . . no coupling required . . . mount in any 
position. Each unit approximately same size as 
NEMA motor of HP required for driving. Open 
drip proof or totally enclosed motors; single or 
three phase as required. 





ni O) ad 8 


ROTARY PUMPS 


Series F 1 to 300 GPM 
Pressures to 300 PSI 


Feature helical steel pumping gears, hardened steel 
shafts, bronze flange-type bearings. 4-port design 
with 8 optional piping arrangements (4 for CW and 


4 for CCW rotation) solves installation problems. 


With or without 


built-in relief valve in either 


mechanical seal or packed box construction. 





ROTARY PUMPS 


Series K % to 50 GPM 
Pressures to 150 PSI 


Extremely compact in all sizes. Helical pumping 
gears are hardened steel, with steel shafts and bronze 
bearings. Sizes 10 through 50 GPM have patented 
venturi suction and discharge principle for smooth 
flow and quiet operation. With or without built-in 


relief valve; packed box or mechanical seal. 


tO) od 18 





® 


ROTARY PUMPS 


Series H 5 to 75 GPM 
Pressures to 1000 PSI 


Designed to operate at direct motor speeds. Used 
for all types of hydraulic mechanisms where high 
pressures are required. Hardened steel spur gears 
for maximum efficiency, and heavy duty roller 
bearings and bronze wear plates for long life service. 
Mechanical seal or packed box. 
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ROTARY PUMPS 


Series 3600 40 to 300 GPM 
Pressures to 100 PSi 


Handle thick or thin liquids at slow speeds. Operate 
in either direction. Hardened iron pumping gears, 
hardened steel shafts, heavy duty bronze sleeve 
bearings. Mechanical seal or packed box. Series 
includes tank truck pumps as well as single mo- 
tor driven units with gear reduction. 





Send for 
“How to Solve Pumping Problems” 


tO) ad 1 2 


ROTARY PUMPS 





Roper Hydraulics, Inc. 


Manufacturers of Standard, Special and Custom Pumps for All Industries 


COMMERCE, 
GEORGIA 
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acrylic materials now being used in sim- 
ilar applications. Suitable for such uses 
as automobile-transmission seals and oil 
seals. Armstrong Corp Co, Industrial 
Div, Lancaster, Penna. 

Circle 321 on Reader Service Card 


Rigid coupling . . . 

aligns and connects shafts by interchange 
able tapered bushings that provide equiv 
alent of shrink-fit when they have been 
tightened into the rigid sleeve. Precision 
machined taper lines up two shafts auto 
matically as proper torque is applied. Five 
sizes cover shaft-dia range of 4 to 5x in 
T B Wood's Sons Co, Chambersburg, 
Penna. 


Circle 322 on Reader Service Card 


Adjustable temperature 
controls .. . 
are available in two models for volume 
applications where humidity, condensa 
tion and similar environments would cause 
problems. Both units have fraction-of 
degree sensitivity. One model has ad- 
justable range of 0 to 175 F; 
has range of 0 to 225 FI 
Pleasant St, Ashland, Mass. 
Circle 323 on Reader Service Card 


the other 
Fenwal Inc, 


Single-conductor plugs . . . 
and receptacles in 25 and 250 amp mat- 
ings incorporate functional fishtail plug 
design, two-piece threaded construction, 
and are offered in red, white, blue, yellow, 
black and green. All current-carrying 
parts are gold-plated brass. Superior 
Electric Co, Dept SPR, Bristol, Conn. 
Circle 324 on Reader Service Card 


Liquid propellant gas cartridge 
is said to produce high pneumatic pres- 
sures in fraction of a second and to be 
adaptable to operate most pneumatic 
power-actuated devices. Liquid is mono- 
propellant containing its own oxydizer. 
Use of liquid propellant as power source 


continued on page 91 
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SHOCK-STRENGTH 
of steering spindle 
soars by 
designing it 

to be forged 


Modern board-lift forging hammer 


sy designing front-end spindles to be forged, automobile and truck 
manufacturers practically eliminate danger of failure of these vital parts, even 
under sudden turning stress that can reach thousands of foot-pounds. 

Start your designs by planning to use forgings everywhere there’s a high 
degree of stress, vibration, shock, or wear. Forged parts withstand them all better 
than parts made by other fabrication methods. And forgings have no hidden 
voids to be uncovered after costly machining hours have been invested 
... the hammer blows or high pressures of the forging process 
compact the better forging metal, make it even better. 

Write for literature on the design, specification, 
and procurement of forgings. 


Whew ith a vital part, desiqn it to be Femi) 


Drop Forging Association « Cleveland 13, Ohio 


Names of sponsoring companies on request to this magazine 
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“ALCOA ALUMINUM OFFERS A CHOICE OF TWO SCREW MACHINE 
STOCK ALLOYS FOR STRENGTH: 2017 AND 20241" 


Precision-made, high-volume screw machine parts cost 
less in aluminum 

Here are the strongest of all Aleoa® Aluminum screw 
machine alloys. Both will give you superb machinabil- 
ity. Both will give a fine, clean finish. Alcoa Alloy 2017- 
T4 or -T451 is exceptionally good for deep drilling 
operations. Alloy 2024-T4 or -T351 offers high shear 
strength . . . which makes it a popular choice for fas- 
teners and fittings. These alloys will give three times as 
many parts per pound as other, heavier metals, raise 
your profits by cutting your over-all unit costs. 

Ask your Alcoa distributor or Alcoa sales office for 
your free Alcoa Conversion Calculator . .. which makes 
cost conversions from brass to aluminum and computes 
costs quickly . . . and your free Alcoa Screw Machine 
Stock Estimating and Operating Data Book, a compre- 
hensive, easy-to-use book of technical data on alumi- 
num screw machine stock. Get full information on other 
Alcoa alloys: 2011-T3 or -T8 for faster cutting, 6061-T6 
or -T651 for superior finishes, excellent joining charac- 
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teristics and extra corrosion resistance. Aluminum 
Company of America, 841-G Alcoa Building, Pittsburgh 
19, Pennsylvania. 


GET ALL THESE BONUSES WITH 
EVERY ALCOA ALLOY: 


Wide range of stock sizes for important price advantages 
Guaranteed market for up to 60 per cent of your Alcoa 
Aluminum turnings and borings. 

Extensive mill and distributor inventory to meet all re- 
quirements. 

Chamfered ends at no extra cost. 

Specific 12-ft lengths at no extra cost (for rounds up to 
23, in.; hexagons up to 2 in.). 


* ALCOA ALUAIN 


SCREW MACHINE STOCK 
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offers clean-burning characteristics, low 
flame temperature, reliable ignition under 
varied conditions between —109 and 212 
F, high-ratio gas expansion from liquid 
as high as 14,000:1). Any type of igniter, 
from simple st percusssion type primer to 
electronic device, is suitable for use in 
cartridge. Olin Mathieson Chemical Corp, 
460 Park Ave, New York 22. 

Circle 325 on Reader Service Card 


Sight gravity-feed oiler . . . 
ontrols lubrication by needle-valve ad 
istment. Flow rate is locked by knurled 
ring-nut once rate has been established 
ind adjusted Needle-valve adjustment 

reported not to be disturbed by toggle 
shutoff, which is vertical when on 

and horizontal when off. Uninterrupted 
metering of oil is achieved by adequat 

venting Available with glass and u 

breakable plastic reservoir ‘ 

standard Gits Bros Mfg 

S Kilbourn Ave, Chicago 23. 


Circle 326 on Reader Service Card 


wh 6m «(Sb 


Co, 1866 


Instrument tubing harness . . 

has all-black polyethylenc re tul 
vrapped with mylar taps 

ugainst penetration and then 
xtruded-viny] sheath. Core 
iumber-coded in high-visibility 

Available in tube combinations 

4+, 5, 7, 8 10, 12, 14, 19 and 

tubes. Normal tube sizes are } in. OD 

x 0.040 in. wall and # in. OD x 62 i 

wall. Offered in lengths to | ft and 
ver Dekoron Products Div, Samuel 

Moore & Co, Mantua, Ohio 


Circle 327 on Reader Service Card 


Linear-motion transducers . . 
offer sensitivities of 0.2 v and 0.4 v mn: 
degree. Cylindrical units are 1.25 in. x 


continued on page 
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now * 


try 

Retrievable 
Miniaturization 
for size 

in your 
reproduction 
department! 


THE IDEA. Retrievable Miniaturi- 
zation is a new ingenious method 
for reducing the size of prints yet 
keeping them large enough to be 
completely readable and usable. De- 
veloped by Paragon-Revolute, this 
method is acknowledged as one of the 
significant advancements in repro- 
duction. 

HOW IT WORKS. In Paragon- 
Revolute’s unique Continuous Reduc- 
ing Printer and Processor, reduced- 
size transparencies are made from 
original drawings for immediate re- 
production in blueprint or diazoprint 
equipment. Reductions can be made 
as positives or negatives on paper 
or film. The Printer takes drawings 
up to 42” wide by any length at 
speeds up to 30 fpm. 

THE ADVANTAGES. Retrievable 
Miniaturization fits in with existing 
facilities, calls for no drastic changes 
in present drafting standards or print- 
making systems. It enables savings in 
materials up to 300% ... increases 
capacity of blueprint or diazo-type 
equipment up to 4 times .. . slashes 
print handling time, filing space, and 
mailing costs. Most importantly, it 
provides readable, usable reduced- 
size prints without the problems and 
high cost of blow-back systems. The Paragon -Revolute Continuous 


You owe it to yourself and your Radeding Sister & the Senet of B- 
. . trievable Minioturization. Really o 


company to investigate the advan- gient movie camera, it tehes pictores « 
tages and savings offered by this of drawings while they move through 
great new concept in reproduction. the machine at speeds variable from 
Use the coupon to get more informa- 3 fpm to 30 fpm. Comera feeds as 


tion or to arrange for demonstration. easily @s blueprint ond whitaprint 
machines. 





Paragon-Revolute Advertising Department Dept. P7-V 


PARAGON r 1800 Central Rd., Mt..Prospect, Illinois 


[] Please send me more information about 
REVOLUTE Retrievable Miniaturization 
[] Please arrange for one of your representa- 


tives to contact me about a demonstration 





DIVISION 
OF Nome , Title 


CHARLES BRUNING CO., INC. 
BRUNING 


77 South Avenue 
Rochester 4, New York 


Compony 
Address 


City 
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VFB 


announces... 
3 new R's of 
instrument 
bearings 


Latest additions to the large, fast- 
growing MPB family are ultra-preci- 
sion R2, R3, and R4 instrument 
bearings. 


To their many familiar applications 
such as computers, servos, synchros, 
gyros and generators, MPB’s R Series 
bearings bring quieter performance, 
longer life and reduced friction — the 
results of MPB's advanced production 
techniques, thorough quality control 
and constant emphasis on precise, 
accurate bearing geometry. 


Basic material for the R Series is 440C 
stainless steel. A new type ribbon re- 
tainer, for low uniform torque, is 
available, as are duplexed mountings 
and preloaded pairs. ABEC Class 7 
tolerances maintained in all types and 
sizes. Standard dimensions are 


Find out now how MPB bearings and 
technology can benefit your products. 
Call your MPB Sales Engineer or write 
for information. Miniature Precision 
Bearings, Inc., 207 Precision Park, 
Keene, N. H. 


ME-B Helps you 


COMPONENTS + MATERIALS + PROCESSES 


continued 
0.937 in. dia. Designed for standard size 
Available with ac 
Typical 
specifications for size-10 linear-motion, 


10 servo mounting 
input and ac or de output 


ac-to-de unit include input range of +30 
and +60°; input voltage of 26 v ac, 
400 cps; output impedance of 5000 ohm; 
independent linearity of +0.3 


frequency range is 300 to 3000 cps. Trans 


Useable 


ducers are brushless type. Arnoux Corp, 
11924 W Washington Blvd, Los Angeles. 
Circle 328 on Reader Service Card 


Plate-type magnetic separator 
utilizes magnetic material with intense 
oncentration of magnetic strength ad 
jacent to surface of plat 
Hinged case and integral handle facilitates 
periodic removal of iron from face plate 
Suitable for use in chutes, spouts, ducts, 
mvevors 


magnets 


feed tables or over screens and 
Erie Mfg Co, Erie 6, Penna. 
Circle 329 on Reader Service Card 


Modular pedestal frame .. . 
is console-counter-height unit that ha: 
been added to line. Tops of front and rear 
are rounded. Adjustable panel-mounting 
angles on front and rear are tapped for 
10-32 screws on EIA spacings. Brackets 
are welded in base to accommodate casters 
Frame is made of 16-ga steel; angles of 
12-ga steel. Finished in gray hammertone 
Also available are shelves, end panels and 
formica writing panels. Premier Metal 
Products Co, 337 Manida St, New York. 
Circle 330 on Reader Service Card 


perform miracles in miniaturization 


continued on page 96 
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AlR-POWERED EQUIPMENT 














COSTS LESS 
TO MAINTAIN 





AIR-LINE 
LUBRICATOR 


Bellows LYBRI-AIR CONTROL UNIT 


HERE'S WHY: Once adjusted to the requirements of a particular air system, 


OTHER INDUSTRIAL DIVISIONS OF 
IBEC: Sinclair-Collins Valve Co., 
Valvair, Akron, 0., V. D. Anderson 
Co., Cleveland, Ohio. 


675C-3 
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the Bellows Lubri-Air Control Unit automatically filters harmful 
dirt and moisture out of the air stream (40 micron filter element 
standard; 5, 10 and 20 micron units available) . . . automatically 
regulates air pressure by compensating for fluctuations in air 
supply and variation in cfm requirements of pneumatic equip- 
Ment .. . automatically lubricates air-operated equipment by 
providing the correct amount of misted oil to the air stream. 
Bellows Lubri-Air Control Units are available in 4”, %”, Ye”, 
%” and 1” sizes. 


Bellows -\/alvair 


The Bellows Co. + Valvair Corp. Akron 9, Ohio 
DIVISIONS OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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MICRO SWITCH 
Modular 
Lighted 
Push-Button 


Switches 
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ision Switches. 


PERM, 


SA's 


* 


Modular Customizing... 


Give your control panel a touch of tomorrow in appearance, the 
assurance of MICRO SWITCH reliability, and the customizing that will 
precisely fit your control and display functions. These Series 2 lighted 
push-button switches perform both control and indicator jobs which 
saves panel space on computers, graphic flow panels, electronic data- 
processing equipment and many other installations. They simply 
snap together to fit your styling requirements, then snap into slots 
in the mounting panel—all without tools. 


Complete design freedom... 
units serve as remote indicators 
only or indicator-switches 


You have complete design flexibility. Select from 48 different units 
and 16 mounting barriers differing in size and color. Forty different 
color display screens include lateral and longitudinal color divisions 
Indicators and operator-indicators are available with 2 or 4 lamps 
and light output of lamps may be colored by choice of 4 different 
color filters. You may choose operator-indicator switch units or in- 
dicator units only. These modular units meet the very latest require- 
ments for panel design in the held of Human Engineering 


Reliability ... 
from the best in basic switches 


The last word in the reliability of your control panel depends on 
the basic switches used. You can be sure of that reliability with 
MICRO SWITCH units, and you can choose from eight different series 
of basic switches to fit your requirements exactly. ‘These include 
switches for low-energy circuits, for handling D.C. loads up to 10 
amperes, 125 volts, and for direct control of A.C. motors of up to 
two h.p Alternate-action units, momentary-contact units and others 
for the control of multiple circuits are also available. Write for 
Catalog 67 or contact the nearby MICRO SWITCH Branch Office 


listed in the Yellow Pages 
MICRO SWITCH FREEPORT, ILLINOIS 


tf Honeywe 


imited, 1 fo 1 Onta) 


Honeywell 


mu = MICRO SWITCH Precision Switches 


ae 
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Floats! 


all shapes and sizes 
for high pressure service 


For buoyancy mediums, fluid chambers or 
pressure vessels, Nicholson precision welded 
floats come exactly as you want them... 
spherical, elliptical, cylindrical . . . 2” to 14” 
in diameter . . . and, for working pressures 
up to 2500 Ibs. Float halves are die formed 
with inward rolled edges, not spun laminated 
or electrodeposited. Steel floats . . . with chro- 
mium, cadmium or copper plating . . . with 
sandblast or pickled finish; Stainless Steel 
and Monel floats . . . rough buffed, polished 
or with smoothly-ground, highly finished 
welds. Exceptional resistance to pressure and 
corrosion. Use coupon for more details. 


Tell us how you want yours 


ES 


Shape__ 





Size___ 
Pressure___ 
NAME___ 
si) 
COMPANY 
STREET 


i SS a 
W. H. NICHOLSON 
and COMPANY 
12 Oregon St. 
Wihllkes-Barre, Pa. 





ICHOLSON 


of Wilkes-Barre 
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. continued 


Four-post drafting tables. . . 
with steel drawers and pedestal drawing 
tables with positive-lock tilt to prevent 
board slippage are offered in total « 
models. Hardwood bases are 
forced. Drafting tables also off 
receptacle electrical outlet with 
Board sizes range from 374 x 45 
434 x 84 in. Pedestal drawing ta 
ture spring-loaded control for 
ting at any angle. Board sizes range fi 
31 x 42 in. to 434 to 84 in. Stacor 
Equipment Co, 295 Emmet St, Newark 5, 
NJ. 

Circle 331 on Reader Service Card 


Ac vacuum-tube voltmeter . . . 
measures ac sine-wave voltages from 0.2 
milliv through 300 v rms with frequency 
response 10 cps through 400 keps. Meter 
scale provides db marking on both vol 
age-range positions and meter scale 
strument is said to have accuracy of 5 
of full scale. Incorporates high input 
impedance, multivoltage range and wick 
frequency response. Suited for general 
purpose applications. Simpson Electric 
Co, 5200 W Kinzie St, Chicago 44. 
Circle 332 on Reader Service Card 


Plastic four-bevel scales . . . 
for the architect and engineer are light 
weight, have four beveled white edges and 
are packed in vinyl cases. Engineers’ scale 
features graduations in decimal points to 
the inch; full divided throughout; 10 and 
50, 30 and 40 parts to the inch. C-thmu 
Ruler Co, 827 Windsor St, Hartford, 
Conn. 


Circle 333 on Reader Service Card 
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The inherent capabilities of mag- 
nesium oxide are vastly improved 
by Norton Company processing. 
Selected grades of magnesia are 
transformed in our electric fur- 
naces into high purity MAGNORITE 
fused magnesium oxide a crys- 
talline material with extremely 
useful chemical and physical prop- 


Outstanding me 


Norton MAGNORITE fused MgO 


Db N, is available in a complete range of 
Y ature oe grades, granular sizes and in a 
variety of fired shapes. For ex- 
ample, one top grade offers the fol- 


/mpro ved lowing properties: High Electrical 


Resistivity (10° ohm-cm at 900°C). 


High Melting Point (2800°C). 

by NOR TON Good Thermal Conductivity (0.023 
tate Cal « Sec! « Cm? + °C! at 700°C). 

High Chemical Purity (99.5% 

MgO). High Chemical Stability with 


* Most Metals. Readily Crushable. 
Fused q Easily Packed to High Densities. 
MAGNORITE fused MgO is the 
\ world’s most widely used brand. . 
for containing special metal melts 
and keeping them free from im- 
purities . . . as insulation for ther- 
mocouples and sheathed electrical 
heating elements . . . as an ingredi- 
ent of ceramic electronic com- 
ponents. Infrared transmission 
through single crystals is excellent. 
And these are just a few of the uses 
for this versatile material. 
Investigate all of the advantages 
of MAGNORITE fused MgO and how 
it ean benefit your product or 
process. Write regarding your 
specific application and for com- 
plete details. NORTON COMPANY, 
226 New Bond St., Worcester 6, 
Massachusetts. 


*Trade-Mark Reg. U.S. Pat. Off 





WNORTONF 


REFRACTORIES 
Engineered... R Prescribed 





75 years of... Making better products...to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Electre-Chemicals — BENR-MANNING DIVISION: Coated Abrasives + Sharpening Stones - Pressure Sensitive Tapes 
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‘BOOKLET 


Fon STAINLESS 
~ STEEL TUBING 


Sent on request 


This 36-page booklet newly published by Allegheny 
Ludlum is packed with technical data and authorita- 
tive information on both welded and seamless stain- 
less steel tubing. There are more than 20 tables for 
ready reference and many photographs. 

It will be helpful to design engineers and others in- 
terested in solving the many critical and demanding 
pipe and tubing applications. 


1287 


The booklet contains the best and latest informa- 
tion available on product and design data on the sub- 
ject—the partial contents listed give some idea of its 
scope. You'll want a copy for your files. 

Write for your free copy of Allegheny Stainless Steel 
Tubing, Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pennsylvania. 
Address Dept. PE-7. 


ALLEGHENY LUDLUM 


Export distribution: AIRCO INTERNATIONAL 


EVERY FORM OF: STAINLESS... EVERY HELP IN USING IT 
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A three-deck 48” SWECO Separator used by a prominent chemical company 
in screening granuvlor alkali to exoct sizes. Using Mormon quick-opening 
couplings, screens are easily changed to obtain ony desired product size. 


“We Use AZEZZ07 Couplings for 
Easier Screen Changes on SWECO Separators” 


Reports R. J. McCausland, Chief Engineer, Vibro-Equipment 
Division, Southwestern Engineering Company of Los Angeles 


SWECO Separators are used throughout industry 
for fast, efficient and economical screening of food, 
chemicals, sand and gravel. 


For years, Southwestern has relied on Marman’s 
line of Band Couplings to join Separator com- 
ponents because they reduce assembly costs. 
Marman's “quick-coupler” latch design makes 
servicing easy and cuts labor by permitting rapid 


screen changes for users of SWECO Separators. 


Marman has the coupling designs and experience 
to help solve almost any clamping, holding or 
fastening problem for manufacturers using any 
type of container, filter or similar device. Outline 
your requirements to us, or write today for full 
information about Marman’'s complete line of 
clamps, straps, couplings and joints. 


= \eroquip 


MARMAN DIVISION 





11214 EXPOSITION BLVD., LOS ANGELES, CALIFORNIA 
IN CANADA: AEROQUIP (CANADA) LTD., TORONTO 19, ONTARIO 
Marman Products are Covered by U.S. and Foreign Patents and Other Patents Pending 
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| aN ; 


Come to Goshen when parts must function depend- 
ably under conditions that demand the skillful blend- 
ing of properties like resistance to temperature 
extremes of —80°F to plus 500°F; resiliency over a 
range of —120°F to plus 600°F; low compression 
set; resistance to chemicals, acids, oxidation, ozone, 
moisture, corrosion, shock, abrasion; freedom from 
stain, odor, tackiness and toxicity. 


SEALS 
PRODUCTS 


4 
Write, Wire or Phone ‘©: 
other whbee 0,1. 


2070 S. TENTH ST. GOSHEN, INDIANA 
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For Permanent Assembly! 
of wire, cable, tubing, hose 





_ WEDGE LOCK BAND CLAMP... 


once locked, it’s got to be cut loose! Really perma- 
nent! Solid nylon. One size 
for diameters %" to 1%". 


Separate Mounting Tab 
... use only where and when 
needed. Can be pre-mounted 
for simplified planning. 
Solid nylon. 


Try them write for samples, prices, full information 


See Us At Booth 317 Wescon Show—los Angeles 


Wf22)/225S 27 company 


5705 Northwest Highway °* - Chicago 46, Ill. 
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High heat aint problems 


\Jse Heat-Rem H-11 ) 
yp to 1700. 48 colors ; 


Are you working out a 
problem with a surface 
that’s “‘too hot to paint’’? 

Heat-Rem H-170 may 
be the answer. 

Available in 18 high heat resisting shades, 
it permits color coding or complete finishing 
of metal components subjected to temper- 
atures from 600° to as high as 1700° (depend- 
ing on color used). Typical applications are 
jet missile tubes, oes motors, pressure 
furnaces, condensors, etc. 

Heat-Rem H-170 virtually fuses with hot 
metal surfaces . . . forms a bright finish 
that’s resistant to moisture, mild acids, 
alkalis and industrial fumes. Write for full 
details, requesting bulletin L-9240. = a-zrua 














Cleveland 9, Ohio 
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Metalizing of Plastics 


HAROLD NARCUS. Reinhold Publishing Corp, 
430 Park Ave, New York 22. 51% x 7%, 208 
pp, $5.50. 


This book presents details for carry- 
ing out every commercial metalizing 
process for plastics or other noncon- 
ductors. These processes include the 
copper-film process, the deposition of 
“electroless” nickel coating, a review 
of the new molded conductive plas 
plating, the deposition of 
thick evaporated films and many, many 
others. 


tics, “gas” 
4 


The author includes numerous 
illustrations showing the latest equip- 
ment being used in the 
esses, 


newer proc- 
and recent advances in the field 


receive special attention 


Electrical Power Sources 
Volume |I—Batteries 

EMiIL J HELLUND, PhD, Plasmadyne Corp, 
Santa Ana, Colif. PB 161262, Office of Tech 


nical Services, Dept of Commerce, Washington 
25, DC. 8 x 10%, 97 pp. $2.25. 
Summarizes battery performance 
characteristics, structure, power-weight 
ratios, power-volume behavior 
at low temperatures, unactivated shelf 
life, activated shelf life, rechargeability, 
reliability, open-circuit voltage, 


age operating voltage, 


ratios, 


aver- 
and adaptability 
for particular service for all chemical 
batteries, including fuel cells and nu- 
clear batteries. Included in coverage 
are Bacon cell, cadmium silver oxide, 
dynox 95, indium, Lalande cell, lead- 
acid, Leclanche, magnesium silver 
chloride, mercury, nickel-cadmium, 
nickel-iron, silver-zinc, solid ion, stron- 
tium, and tellurium. (Full title: “Fun- 
damental Investigations of Electrical 
Power Sources — Volume II Bat- 


teries.”” 


Radiation Pyrometry And 
Radiant-heat Transfer 


THOMAS R HARRISON. John Wiley & Sons 
Inc, 440 4th Avenue, New York 16. 6 x 9, 234 
pp. $12. 


Analyzes and solves many technical 
questions concerning use of radiation 
pyrometers in industry, giving both 
theoretical and practical principles of 
radiation pyrometry. 

First three chapters have unified 
discussion of laws of emission, absorp- 
tion, reflection, and transmission of 
thermal radiation, applicable to the 
field of radiant-heat transfer as well 
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as radiation pyrometry. 
chapters include 
tions and 


The remaining 
important descrip- 
mathematical analyses of 
physical and operating characteristics 
of radiation pyrometers. Extensive ta- 
bles are at end. (Full title: “Radiation 
Pyrometry and Its Underlying Princi- 
ples of Radiant Heat Transfer.”’) 


Control System Analysis 
and Synthesis 


D’AZZO and HOUPIS. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 6 x 9, 
580 pp. $13.50. 


The text—for college undergraduates 
and graduates—begins by presenting 
the principles of obtaining differential 
equations for electrical, mechanical, 
hydraulic, and heat-flow systems. This 
is followed by the classical solution of 
differential equations. The Laplacc 
transform approach is used, and the 
block-diagram method is shown. Ba 
sic servo characteristics are discussed 
in detail. 

Various methods of analysis are then 
taken up: root locus and frequency 
techniques (Nyquist’s stability crite- 
rion). The same system is used with 
each method for ease in correlating the 
results. Compensation techniques are 
presented for each method to improve 
performance. Other topics included 
are optimum response, nonlinearities 
and computers. The last chapter in- 
cludes some experimental techniques, 
and ties together all the methods pre- 
sented in the book. 


ABSTRACTS 
FROM THE LITERATURE 


Permanent Magnets 
Seven tables of materials are in- 
cluded. 


“How to Select Permanent Magnet Materials,” 
R. H. Warring. Engineering Materials and 
Design, April ‘60, Drury House, Russell St, 
London, WC 2, England. 


6 Transducers for Positioning 

Six high-precision transducers with 
measurement capabilities up to one 
part in a quarter million are described. 
Types described and illustrated are 
Pin-and-paul mechanism, magnetic 


continued on page 108 


when it comes to 
sealing service... 


YOU WANT 


lowest original cost compatible 
with dependable service 

a sealing service with the least 
maintenance cost 

long term sealing with the very 
minimum ‘‘down time” 

a line of mechanical seals de- 
signed to meet the widest range 
of applications 


'7E WANT 

WE WA! 

® the opportunity of showing you 
that this, and more, is yours 


when you meet your sealing 
needs with... 


DURA SEAL 


"The Engineered Mechanical Seal” 


We suggest you write us today 
for a copy of Dura Seal catalog 
No. 480PG 


DURAMETALLIC CORPORATION 


KALAMAZOO, MICHIGAN 
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Let Spincraft FURNISH 
CREATIVE MANPOWER 


More engineers to produce more? 
Add engineering skill without advertising 
interviewing and hiring. 


Speed design work by letting Spincraft’s 
Spingineers help plan your 

product and completely produce it 

from start to finish 


Spincraft’s metal-spinning facilities, 
craftsmen, and versatile equipment are 
designed to solve your problems. As the 
world’s most experienced metal 

spinning plant, Spincraft can bring to 
your metalforming problems 

solutions unavailable anywhere else 


Check Spincraft now for your stepped up 
production needs or metalforming problems 


4151 W. State St., Milwaukee, Wisc. 
Each month Spincraft sends its “Notes for An Engineer's File’ to 
qualified personnel in industry. Write us if you would like to 
receive these valuable reports 
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Wide selection molded plastic knobs, handles 
hand-wheels at no tooling charge! Minor 
changes (inserts, threads, color, etc.) to suit 
requirements. Other modifications give your 
part a look of exclusive design at fraction of 
new mold cost! Write for complete illustrated 
catalog, or see Sweet's Product Design Cata 
log File 


DIMCO-GRAY COMPANY 
'206 | 4 TRE 
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NEW! CUSTOM GRADE CONSOLES 
AT LOW 
aed STOCK PRICES! 





CABINETS 
& PANELS 


* fit your space exactly 
* fit your equipment exactly 


* protect costly 
fragie instroments 


Now consoles, in 

strument panels, cabinets don't 

have to be either expensive custom installations or 

cheap stock items. GENCO brings you the benefits of 

each . . . custom-made at little more than stock prices. 
Let us quote on your needs. 








—— a SR A ENE oe em 
NEW BRUNSWICK GENERAL SHEET METAL WORKS 
425 Cleveland Avenue, Highland Park, New Jersey 
Rush my copy of new GENCO brochure 
Have your representative call. 


Company.... 
BWOSR co csescese 
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DESIGN LITERATURE..... . .continued 


bench-mark system, resolver-type trans 


ducers, electrostatic disks, coded-disk J SILIGON 
transducer, diffraction gratings. 
‘6 Transducers for Precision Position Measure- 
ment,” John O. Morin, Concord Control Inc. 
Control Engineering, May ‘60, 330 W 42nd 
St, New York 36. D 
BIBJER 
Electrical-discharge Machining 
Little information has been reported 


on the effects of an electrical-discharge 


machined surface on the mechanical 

and chemical properties of the work 

piece material. There is a need for Fiexible temperature range 

quick and inexpensive electrodes. ‘This ° ° 

paper presents the research and dc -100 F to 500 F 

velopment work that has been con COHRIastic R-10470 silicone sponge rubber sheets have a dense, uniform, 

ducted in an attempt to resolve some non-absorbing closed cell structure highly suitable for soft gasketing, vibra- 

of these problems tion dampening, fairing strips, pads, cushions and other applications where 
; resiliency at extreme temperatures is required. It may be bonded to metals, 


plastics, fabrics or silicone rubber. COHRIlastic R-10470 possesses superior 
compression set resistance, excellent dielectric properties, immunity to 








“Recent Developments in the Theory and Ap- 
plication of Electrical-discharge Machining,” 
George G. Bott, Grumman Aircraft Engineering 


Cc ; ASTE Technical P 220, aging, ozone and weather hardening. Meets many specifications. 
Saale Seid of Teal tataen = AVAILABLE FROM STOCK: in 12” x 12” sheets and 24” x 24” sheets — 


Puritan Ave, Detroit 38. Mg" through 42”. Special thicknesses and sheet sizes up to 30” x 30” and 
24” x 48” made to order. Sold nationally through distributors. 


Contactless Relays FREE SAMPLE and folder — write, phone or use inquiry service. 


Discusses various ways in which Leader in Fabrication of Silicone Rubber Products 
semiconductor-based relays can be | CH > co CT CUT 0 
built, and how their design is affected (Gh NNE I HARD RUBBER C * 
by their use. Main office: New Haven 9, Connecticut 


Designing and Applying Contactless Relays,” CIRCLE 209 ON READER SERVICE CARD 
R. N. Auger, Automatic Control, June ‘60. 430 re ain GF P 


Park Ave, New York 22. “IMPOSSIBLE” PART 
CATALOGS 








AND BULLETINS 


To obtain copies of literature described be- 


- 
low, circle corresponding number on post- die cast for 
card inside back cover. 
FIBERGLASS MOLDING—Booklet, 24 
pp. Covers technique, properties and test 


characteristics, designing, fabrication and 


finishing methods. G B Lewis Co, 426 
Montgomery St, Watertown, Wis. y 
Circle 350 on Reader Service Card | 


helped create higher 


AUTOMATION COMPONENTS AND | rated, longer 

CONTROL SYSTEMS—Condensed cata lasting switch 

log D-31, 26 pp. Presents timing compo 

nents and linear measuring systems for 

industrial and military users. Standard eink dies oe 

timers and counters are reviewed, with quantivies of 100,000 

specifications and characteristics. Auto- to many millions. 

matic Timing & Controls Inc, King of NO SIZE TOO SMALLI 

Prussia, Penna. Max. weight V2 oz. 
Circle 351 on Reader Service Card | 2%: length 194” 

Write for 


STEPLESS VARIABLE-SPEED DRIVES | S**siled’ bulletin 
—Catalog ZM-400C560, 16 pp. Describes | for euataliin, 
various units, with or without motor, in 
the 400 series of drives for fhp applications. 
Typical applications are listed and pic- | World’s Foremost Producer of Small Die Castings cy) [Z S 
tured. Operating features and installation , 159 Beechwood Ave., New Rochelle, New York, NEw Rochelle 3-8600 

continued on page 106 | 


“Impossible”, yes, by any other method. But—GRC's 
unique single cavity die casting techniques made 
possible a detailed and complex actucting mechanism 
with exceptional requirements of uniformity and accu- 
racy. Inspired Mallory engineers to design a new and 
better switch around this GRC die cost mechanism! 
Just another instance in which GRC’s exclusive patented 
methods have solved a parts prob- 

lems and opened the door to a new 

product . . . at substantial savings. 
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NEW! DUAL TORQUE-LOCKING 
» AND POSITIONING DEVICE 


REV-LOK eliminates feedback torque, 
provides two-directional positioning, drive, 
over-running and backstopping 


NOW! You can have positive and instantaneous stopping of feedback 
(reverse) torque—it will never reach the driving equipment. For, the complement 
of sprags in this new Formsprag device is divided into two opposing sets that: 
instantly stops feedback from either direction, assures equalized radial loading, 
evenly distributes wear for longer life, and provides multi-contact surfaces for 
greater holding strength when high feedback torque occurs. 


When the device is mounted with the outer race in a fixed position, feedback is 
stopped by wedging of sprags between output member and |.D. of fixed outer race 
—feedback never reaches the input shaft. Yet, this new design permits free rotation 
and transmission of high driving torque in either direction from input to output 
shaft. Current catalog models are available in ratings up to 30,000 lbs/in. and with 
bore diameters to 214’. 


When used as a two-directional over-running clutch, output shaft member is 
mechanically secured against rotation and outer race then becomes the output 
member. A slight right or left rotation of input shaft disengages either set of sprags 
and determines direction of drive, over-running and backstopping. 


This versatile device can also be used for two-speed drive and reversing applica- 
tions. By connecting a low-speed reversible motor to outer race and a high-speed 
motor to input shaft member, driving torque can be transmitted at two speeds 
or reversed. 

Smallest standard Rev-Lok sizes (*;%" and 14" shaft diameters, 96 lbs/in. output 
and holding capacity) have the following additional features: mounting flange on 
outer race, end-to-end or coaxial drive, completely enclosed and permanently 
lubricated, economical sleeve bearings and roller type contacts. 

Rev-Lok devices not only drive, position, over-run and backstop in two direc- 
tions, but they also provide automatic, instantaneous and positive prevention of 
feedback from driven equipment to power source. They are compact, have greater 
torque capacity for their size and weight and permit higher over-running speeds 
than any similar device. Formsprag technical paper provides further details on 
operation and features, send for your free copy. 

FORMSPRAG COMPANY, 23607 Hoover Road, Dept. 105R, Warren (Detroit), Michigan 


Distributors in Principal Cities. 


RMSPRAG COMPANY 


Precision Power Transmission Products 
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BECAUSE there is a complement of 
sprags arranged in opposing pairs, 
there is always a multiple number of 
contact surfaces engaging the outer 
race when feedback or backstopping 
conditions are present. This provides 
equalized radial loading and strong 
holding torque against even unusu- 
ally heavy feedback 


The entire complement of sprags, which is a part of the output 
member assembly, rotates at driving speed while outer race 
remains stationary. Thus, sprags are in light contact with the 
outer race and are always in position to pick up the feedback 
load at constantly changing points on the outer race. This 


design feature assures longer life through even distribution of 


wear over entire surface of outer race. With sprags in constant 
contact with outer race, any independent movement of output 
shaft causes instantaneous lox king of sprags there is no 
backlash on output shaft. 
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RAWSON 
Centrifugal 
Clutches 

No-Load Motor Starts 
Cushioned Starting of 
High-Inertia Loads 
Overload Protection 


OTHER FORMSPRAG PRODUCTS 


FORMSPRAG 
Over-Running 
Clutches 


For Every 
Over-Running, 
Indexing & 
Backstopping 
Application 
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When should COST 


106 


be a factor 
in design investment? 


The importance of cost control to any business operation cannot be 
minimized. However, when related to design investment — the time, 
money and materials spent to create new products, or to revise present 
products — cost-saving becomes expensive if quality is sacrificed to 
price! 

Any investment in product design should be made to gain a competi- 
tive advantage, and component parts chosen to hold that competitive 
edge. Any deviation gives others an opportunity to take the lead. 


It’s only logical then, that all cost-saving suggestions in design invest- 
ment must be evaluated as to effect on finished products. Sales and 
profits —and industry leadership — depend on such serious considera- 
tion. 


COST should always be a factor 
in design investment... 


but not necessarily the most important one! 


So it is with the manufacture of Hansen SYNCHRON Timing Mo 
tors. Costs must be watched to remain competitive . . . but, cost- 
cutting will never be done at a sacrifice to established quality standards 
Even with adherence to such standards, Hansen SYNCHRON Motors 
are able to compete with similar products. 


The result of engineering that has concentrated for many years on 
creating and applying synchronous power units to timing applications 
— Hansen SYNCHRON motors are manufactured under constant 
quality control. Each must pass 51 separate tests and inspections. 
Potential users can be sure of the ultimate in silent, continuous 
power .. . the best synchronous motors for industrial and commercial 
applications. Present users know it! 


Investigate the advantages of Hansen 
SYNCHRON Timing Motors with 
quiet, long-life performance of benefit to 
products you make incorporating timing 
devices. 


HANSEN 


MANUFACTURING 
COMPANY, INC 
SEND TODAY 
for this informative folder 
containing specifications 
and technical data on all HANSEN REPRESENTATIVES: 
Hansen SYNCHRON motors THE FROMM COMPANY 
and clock movements. 5150 W. Madison, Chicago, Iilinois 
H. C. JOHNSON AGENCIES, INC 
Rochester, N.Y. * Buffalo, N.Y 
Syrocuse, N.Y. * Binghamton, N.Y 
Schenectady, N.Y 
ELECTRIC MOTOR ENGINEERING, INC 
Los Angeles, Calif. (Olive 1-3220) 
Oakland, Calif 
WINSLOW ELECTRIC CO 
New York, N.Y. © Chester, Conn 
Philadelphia, Penn. * Cleveland, Ohio 


A 
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DESIGN LITERATURE ; continued 


suggestions are accompanied by diagrams 
and tips on power transmission. Zero-Max 
Co, 1952 Lyndale Ave S, Minneapolis 5 

Circle 352 on Reader Service Card 


HIGH-DENSITY POLYETHYLENE 
Brochure, 20 pp. Illustrates 101 applica 
tions of this plastic. Brief description of 
the finished article and its method of fabri 
cation accompanies each photograph. W R 
Grace & Co, Polymer Chemicals Div, 225 
Allweod Rd, Clifton, NJ. 

Circle 353 on Reader Service Card 


FASTENERS FOR ELEVATED-TEM 
PERATURE USE—Catalog 286, 
Specifications and characteristics of fast 
eners fabricated to AMS-5735 for 1300 to 
1800 F applications. Mercury Air Parts 
Co Inc, 9310 W Jefferson Blvd, Culver 
City, Calif. 

Circle 354 on Reader Service Card 


PROCESS CONTROLS—Catalog 4-60 
12 pp. Describes and illustrates various 
industrial instruments and controls. In 
struments Inc, PO Box 556, Tulsa, Okla 

Circle 355 on Reader Service Card 


ELECTRONIC COOLING’ EQUIP. 
MENT-Short-form catalog, 16 pp. High 
lights features and applications of 19-in 
rack-mounted, packaged fans and blowers 
Over 80 models are included in line. Mc 
Lean Engineering Laboratories, Box 228, 
Princeton, NJ. 

Circle 356 on Reader Service Card 


ELECTRIC MOTORS—Condensed mo 
tor data and price bulletin 150, 14 pp 
Dimensions, ratings, characteristics and 
prices of standard and special motors for 
fhp and integral-hp applications. Doerr 
Electric Corp, Cedarburg, Wis 

Circle 357 on Reader Service Card 


MINERAL-INSULATED THERMO. 
COUPLES—Catalog G-100-4, 12 pp. Out 
lines specifications of small-diameter, min 
eral-insulated thermocouples. Covers bulk 
material, elements and complete assem 
blies. Minneapolis-Honeywell Regulatot 
Co, Industrial Div, Wayne and Windrim 
Aves, Philadelphia 44 

Circle 358 on Reader Service Card 


OPTICAL QUARTZ GLASS—Bulletin 
5241, 12 pp. Covers properties, character 
istics and performance information on 
optical-quality fused quartz or fused silica 
Translated from a paper by Dr H Mohn 
Engelhard Industries Inc, Amersil Quartz 
Div, 685 Ramsey Ave, Hillside 5, NJ 
Circle 359 on Reader Service Card 


CLUTCHES AND BRAKES-—Brochure, 
pp. Explains operating principle, de 
scribes several applications, outlines operat 


continued on page 109 
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Licensed Under 
Pat. No. 2481404 


x 


IMPFOVeS SEALING QUALITY 
through use of SIX seals, thereby elimi- 
nating failure from grit, dust and other 
foreign materials. 


IMPFOves SERVICE LIFE 
through new design and engineering, the 
interior is chrome-hardened with a highly 
polished mirror finish. 


IMpTOVeS UNIFORMITY OF FLOW 
at any angie of the swivel by under- 
cutting the shaft to equal diameter of 
the orifice. 


IMpPrOveSs SERVICEABILITY 
through shorter, more compact housing; 
saving weight. Hex design permits multi- 
ple tapping on housing; easier assembly. 


STANDARD SIZES AND COMBINATIONS AVAILABLE 


LOW TORQUE—Freedom from friction, 
even under high pressure. 


WIDE RANGE—Operating pressures up to 5000 p.s.i. 
trouble-free operation through wide temperature 


range (—65° to + 250°). 
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AMAZING V 


MANUFACTURING COMPANY 
DEPT. PE-7, 


improves INDUSTRIAL 


« 
° 
* 
* 

_@ 
* 
© 
» 
. 
. 
e 
. 
‘ 
7 


While the use of EASTMAN’S High Pressure Industrial 
Swivel Connector eliminated the cause of hose failure due 
to constant, extreme flexing, it tended to increase the load 
on the swivel connector. 

To improve the performance of the swivel itself, 
EASTMAN engineers improved its internal design, chrome- 
hardened its interior surfaces, cadmium plated the shaft 
and then machined them to a mirror-like finish. 


Satisfactory service under the most unfavorable field 
conditicns was insured by increasing sealing rings from four 
to SIX: 2 leather dust seals, 2 synthetic back-up washers 
and 2 quad rings of oil-resistant rubber (—65° to +250°). 

Exhaustive tests at 3000 p.s.i., through one million 
cycles, with the hydraulic fluid saturated with abrasives, 
dirt and other foreign materials, proved EASTMAN’S 
Industrial Swivel Connector satisfactory in every respect 
and did not cause failure of any kind. 

That is why America’s leading OEM’s and replacement 
buyers specify complete EASTMAN Hydraulic Hose As- 
semblies ...for improved design, quality manufacturing 
and exhaustive testing. It pays to specify EASTMAN. 


LOOK INTO 
EASTMAN’'S IMPROVED 
SWIVEL CONNECTOR— 
WRITE TODAY! 


ROTATION —Full 360° for all manifolds. 
SIZES —Steel, plated for corrosion protection — 
Je» Mo Us UR 
Other sizes 
evailable on request. 


Please send me 
Bulletins 100 and 
200 on low 
medium and 
high pressure 
assemblies. 


MANITOWOC, WISCONSIN 
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] Varilyper /- 


lettering time of J draftsmen 


Save your draftsmen’s valuable time 
for more creative work. VARITYPER, operated by your 
office typist, can letter up tracings 12 feet or more in 
width. Type is instantly changeable affording a choice 
from hundreds of different styles and sizes. You can 
letter up such jobs as bills of materials, specifica- 
tions, forms, instruction manuals, etc. Letters directly 
on cloth, offset plates, stencils and paper. 

This copy, for example, was prepared 
on a VARITYPER (Model 610). The Headlines were 
photo-composed on the HEADLINER. 


VARITYPER CORPORATION 
SUBSIDIARY OF ADDRESSOGRAPH-MULTIGRAPH CORPORATION 


Cutting Costs Is Our Business 
eeeeeeeeeeeeeeeseeeeeeeeeeeee eee 
VARITYPER CORPORATION Dept. E-75 
720 Frelinghuysen Ave., Newark 12, N.J. 

Please send VARITYPER Book E 
NAME... 

COMPANY 

ADORESS... 
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PRECISION TEST GAUGES 


aate 
ast" "ta, 
*e 
% 


Designed for 
the Ultimate 
in Accurate 
Pressure 
Measurement 


Write for 
descriptive brochure M-.28A 


Consider These Advantages: 


e 360° Calibration provides 25°/, greater scale length. 
e Saves over |15 square inches of panel space. 

e Ni-Span C Bourdon tube is temperature stable. 

© Tube tip bleed is standard equipment. 

e .15°% full scale accuracy. 

e Movement calibrated to dial, uniform increments. 


e Capacities to 15,000 psi. 


Write For Descriptive Bulletin BC-31 
Martin-Decker Corporation 
MARTI 3431 Cherry Ave., Long Beach 7, Calif. 
Precision Pressure Instruments — 
Testing — Weighing — 
Load and Force Measurement 
CIRCLE 210 ON READER SERVICE CARD 
from 


= a MAMMOTH 


tO MIDGET 
pHpecco 


means DEPENDABILITY 
and LONGER SERVICE 
LIFE in INDUSTRIAL 
\ SOLENOIDS 


DECCO solenoids’ unique engineering features and 
top quality materials have greatly extended their 
service life. 

There is a DECCO solenoid to meet your require- 
ments. Oil immersed, push or pull, shock mounted, 
A.C. or D.C., mammoth or miniature, they have 
to be good to be DECCO. Write for catalog. 


2435 Hilton Road + Ferndale 20, Mich. 
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NYLON 
TEFLON 


Because of improved grinding 


and finishing methods, ITI Nylon 
and Teflon balls are FREE OF 
EMBEDDED SURFACE GRIT. Their 
clean, clear finish assures THE 
BEST in performance for your 
products. 


These balls are available in 
all sizes — standard (carried in 
stock) and special. Samples free 
on letterhead request. 


Write for prices 


and specifications. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACT F PRE SiON BALLS AND BEARINGS 


3675 Jackson Road, Ann Arbor, Michigan 
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DESIGN LITERATURE continued 
ing advantages and includes torque ratings 
ind package dimensions. Warner Electric 
Brake & Clutch Co, P-78, Beloit, Wis 
Circle 360 on Reader Service Card 


CONNECTORS WITH REMOVABLE 
CONTACTS—Brochure, 6 pp. Specifica 
tions, dimensions and description of 
method of wiring contacts for plastic 
molded connectors. DeJur-Amsco Corp, 
45-01 Northern Blvd, Long Island City | 
NY 


Circle 361 on Reader Service Card 


SWITCH ACCESSORIES AND SPE- 
CIAL CONTROL EQUIPMENT-—Cata 
log 57-S7, 12 pp. Circuits and specifica 
tions for switches, features and description 
of control equipment. Automatic Switch 
Co, Florham Park, NJ 

Circle 362 on Reader Service Card 


SWITCH AND THERMOSTAT PACK 
AGES—Bulletins PRSW-10 and THSN 
26A, 4 pp each onfiguration 
illustrate packaging facility in the design 


lypical 


and production of custom switch actua 
tors, custom temperature controls and 
special-design 
Products Group, Texas Instrument In 
Metals & Controls Div, 34 Forest St 
Attleboro, Mass 

Circle 363 on Reader Service Card 


conhguration Spencer 


INSULATING CHANNEL AND AN 
GLE STOCK—Folder, 6 pp Gives d 
mensions and applications for 10 sizes of 
insulating channel and angle stock. Glastic 
Corp, 4321 Glenridge Rd, Cleveland 21 
Circle 364 on Reader Service Card 


COATINGS SELECTOR—Guide, 6 pp 


rr 

\ids in selection of specialty coatings for 

m plastics, metals, glass and wood 

Charts show uses and characteristics of 

ating materials, coatings and formula 

tions. Bee Chemical Co, Logo Div, 12933 
S Stony Island Ave, Chicago 33 


Circle 365 on Reader Service Card 


INDUSTRIAL TUBES—Handbook, 8 p) 
Lists some 900 tube typ 
ements and el 


Raytheon Co, 


together wit! 
Raytheon direct repla 
trical equivalent types 
Waltham 54, Mass. 
Circle 366 on Reader Service Card 


MILITARY AND SPECIALTY CAST- 
ERS—Folder 42060, 6 pp 


ind features of swivel-plate and rigid-plate 


Specifications 


aster in single- and dual-wheel 
Caster Corp, Dept 
Evansville 7, Ind 

Circle 367 on Reader Service Card 


types 


Faultless PR-222, 


PANEL-MOUNTING BLOWERS—Cat 
alog 201, supplement C, 4 pp and pric 


, 


lis Covers line of blowers for cooling 


continued on page 111 


cement ) 


No. 15 of a series 


Eastman 910 Adhesive 
solves another 
production bottleneck 


Hubley Manufacturing Company, of 
l makes the Ric-O-Shay 
a toy gun that simulates the 


ancaster, Pa 
Pistol, 
hine of a ricochetting bullet. 
The sound is generated by a bent 
musical wire vibrating against a thin 
brass percussion plate 
An L-shaped zinc alloy slug, die- 
cast onto the end of the wire, must be 
properly positioned and rigidly 
mounted in the percussion plate rim 
to obtain a realistic sound. Several 
fastening techniques were tried, with 
The high-strength 
bond and simple application of quick- 
setting Eastman 910 Adhesive solved 
the bottleneck 
Use of this adhesive produced a 
bond with the high resistance to vibra- 


limited success 


tion necessary for long service life 

Eastman 910 Adhesive is making 
possible faster, more economical as- 
sembly-line operations and new design 
approaches for many products. It is 
ideal where extreme speed of setting 
is important, or where design require- 
nents involve joining small surfaces 
complex mechanical fasteners or heat- 
sensitive elements 

Eastman 910 Adhesive is used as it 
omes. No mixing, no heating. Simply 
spread the adhesive into a thin film 
Light manual 
pressure triggers setting. With most 
materials, strong bonds are made with- 
In minutes 

What production 


sl 1 ’ £ + 
an this unique adhesive solve for you 


between two surfaces 


1.7 
” design proovoiem 


Bonds Almost Instantly 
with Contzct Pressure 
No Heat... 

No Catalyst... 


For a trial quantity (¥s-oz.) send five 
dollars to Armstrong Cork Co., Industrial 
Adhesives Div., 9107 Irvin Street, Lan- 
caster, Pa., or to Eastman Chemical 
Products, Inc., Chemicals Div., Dept. P-7, 
Kingsport, Tenn. (Not for drug use) 

See Sweet's 1960 Prod. Des. File, 7/E 
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Improved Design 


REMOTE BULB 
TEMPERATURE CONTROLS 


WIDE RANGE CALIBRATED 


E13 


The F56 and E13 are functionally similar controls. 
Type F56 is a wide range, uncalibrated, skeleton 
unit designed for use in ovens, incubators, and 
other applications where space or weight is a 
limiting factor. Type E13 1s a narrow range, 
calibrated, enclosed unit intended for similar 
applications but under conditions where an 
enclosure and external adjustment knob and dial 
are desirable. Explosion proof unit, Type E98, 
is also available 


Temperature Ranges ..| F56 1p to maximum limits of 
150° to +150°F, 70° to 370°F, 
or 100° to 650° F 
El} 100° or 200° spans between 
150° and +650° F limits 


Switch Ratings 


15 or 20 amps at 115 or 230 vol 
AC. DC switches also available 


Switch Types _.| N.O., N.C.. or Double Throw, no 


neutral positior 


Adjustments ....| FS slotted range adjustment 
screw on top, uncalibrated settings. 
El3 xternal knob and pointer, 
calibrated settings 


Electrical Connections | F56 12-inch lead wires attached 
directly to switch terminals 
| El3 to internally located termi- 
| nal block via conduit opening in 
| enclosure 


Capillary Tube Length 6-foot standard length Other 


lengths available 


Mounting El} surface mounted in any 
position by means tf dog ears. 
| May be flush mounted 
| FS6 Surface mounted in any 
| position by holes drilled in base of 
Seodhes May be flush mounted 
UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
additional data on the remote type temperature 
controls, including types F56 and E13, request 
Section 200 of our new catalog. 





— 


bat 


United Electric Controls 


COMPAN Y 
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‘ 
1 Die Castings AT WORK 
. No. 4 of a Series 


— 


ARAMOUNT 
Die Castings reduce 
parts to only 3 in 
Wheelock signal housing 


Before: Housing back box a steel stamping with 10 separate 
pieces welded to it 


Now: A one-piece Paramount aluminum die casting with 
pieces cas? integra 


Before: A six-piece welded steel bracket for holdisg signal 
mechanism 


Now: A one-piece Paramount aluminum die casting 

Before: Grilled front proved difficult for other die casting 
companies to produce to Wheelock’s rigid specifications 
Now: Paramount is consistently meeting the high quality 


standards, at lower cost, and makes deliveries on schedule 


Result: Elimination of the cost of handling, welding, drilling and inventorying 
of the many parts required by the former method—tremendous savings each 
month 
it will pay you to look to Paramount's complete die casting 
services. Three complete plants 


SEND FOR “Designing for Die Castings” 


PARAMOUNT Dic Costing Co. 


ubsidiory of TALON, INC.) 
ST. JOSEPH, MICHIGAN 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N.Y. 
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DESIGN LITERATURE . .continued 
electronic equipment enclosures. Also in 
cludes blower accessories. Amco Engineer 
ing Co, 7333 W Ainslie St, Chicago 

Circle 368 on Reader Service Card 
FLAT-TOP CONVEYOR CHAINS 
Bulletin 6061, 4 pp. Outlines operating 
advantages of various flat-top chains. Chain 
Belt Co, Milwaukee | 


Circle 369 on Reader Service Card 


STRIP TUBING—Brochure, 8 pp. Dx 
scribes seamless, light-wall tube that i 
processed in strip form. Outlines econ 
mies of packing, shipping and storing and 
explains technique used to expand strij 
into tubular form. Wolverine Tube, Di 
Calumet & Hecla Inc, 17200 Southfiel 
Rd, Allen Park, Mich 

Circle 370 on Reader Service Card 
257 F CYLINDRICAL CAPACITORS f 
Bulletin GEA-7085, 4 pp. Covers el 
trical performanc« mstruction featur 
and rating of foil capacitors. Life-test 
tables compare capacitance and power fac 


tor vs time. General Electric Co, Scl 


nectady 5 

Circle 371 on Reader Service Card 
PUMP WITH INSTANT CONTROI 
Leaflet O8B9548, 2 pp Describes pump | 


with instant contro] for variable capacity CIRCLE 214 ON READER SERVICE CARD 


and head requirements. Cross-section dia 
grams show operation of pump’s pneu 
matic control system. Allis-Chalmers, Mil 
waukee 1. 

Circle 372 on Reader Service Card 


BERYLLIUM TUBING—Data memoran 
dum 26, 4 pp. Gives information on avail 
able sizes and properties of pure beryllium 
tubing. Superior Tube Co, 1556 German 
town Ave, Morristown, Penna 

Circle 373 on Reader Service Card 





PACKING SELECTION—Chart 
Recommends proper pack ty] 
choose for specific applications. Raybest 
Manhattan Inc, Packing Div, Passaic, NJ 


Circle 374 on Reader Service Card 


FORCE-CONTROL SWITCH-—Bulletin 
49E, 6 pp. Describes line of force-control 
switches that operate in compression o1 
tension and which can trigger as many as 
four separate operations. W C Dillon & 
Co Inc, PO Box 3008, 14620 Keswick St, THAT'S OUR “CUP-OF-TEA” AT STONER! We take the tough jobs other companies 
Van Nuys, Calif won't do or can’t do! Our team of Rubber Chemists and Production Engineers 
a like the challenge of helping you solve your proble 
Maybe you have a close tolerance job; barrier problem 
bonding problem, etc. We invite your blueprints for 
LOW-TORQUE BEARINGS—Data sheet quotation or recommendation. 


I 3 2 ° i - > Ze Sig Wr for our 
tuning of * dottienmaaele new 2h page TONER RUBBER COMPANY, INC. 


}} “at ; 
lustrated catalog 10792 Knott Ave., Anaheim, California 
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powered ballbearing assembly, which oper > 
ates as a practical support member with A subsidiary of CARLISLE CORPORATION \ ‘Ce, 


low restraining-torque characteristics. Bat 
den Corp, 200 Park Ave, Danbury, Conn REPRESENTATIVES PHOENIX | “? DALLAS M . , SEATTLE d 
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EMPLOYMENT 
OPPORTUNITIES 


Ys! 
Wie Cialis 


MECHANICAL ENGINEERS 
$4940 to $8810 
EQUIPMENT SPECIALISTS 


$4040 to $7030 
FOR ASSIGNMENT TO 


Product development 
Standardization 
Specification 
Applications Engineering 
Quality Control 


WITH MODERN FACILITIES FOR 


Prototype fabrication 
and modification 
Laboratory and field testing 











Send resume or contact 
Mr. George Tjaerlis 
U. S. Army Quartermaster Corps 
Research and Engineering Laboratories 
Natick, Mass. 
OL 3-1000 














CREATIVE 
DESIGN ENGINEERS 


(M.E.’s, E.E.’s, etc.) 


Combining experience, training or mo- 
tivation in industrial design (imaginc- 
tive, inventive, artistic approach to 
function, form, cost, marketability) with 
product R&D engineering, can send 
resumes in strict confidence for man- 
agerial or staff positions now open. 
THEODORE S. JONES & CO. 


(S in 





t) 


Box 41P Milton 87, Mass. 














PROJECT ENGINEER 


SALARY $15,000 PER YEAR 
Fractional horse power motor engineer. Must be 
able to assume entire project and be responsible 
for design, liaison and manufacturing. West Coast 
location. Company client will assume all omploy- 
ment expense 

ESQUIRE PERSONNEL INC 
202 South State St Chicago 4, Ill 














ADDRESS BOX NO. REPLIES TO: Bow No 
Classified Adv. Div. of this publication. 
Send to office nearest you 
NEW YORK 36: P. 0. Bow 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANCISCO 4: 68 Post 8t 
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Product Designer, Pratt Grad. Ind. Design, 9 | 


board 
Product 


years experience 
work So. Calif 
Engineering. 


administrative & 
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Expanded Metals 


Fastening Methods 
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Air 
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Fittings, Hose, Pipe & Tube 
Floats : 
Forgings 
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Gears... 
Graphite 


Handles & Knobs 
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Mechanical 
Insulation 


L 


Lubricating Equipment 
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Metal Forming 
Moldings 
Powdered Metal (see Powdered 
Metal Parts) 
Rubber (see Rubber 
Motor Starters 
Motors, A-C 
Fractional 
integral 
Sub-Fractiona!l 
Motors, D-C 
Fractional 
Integral 
Sub-Fractional 


Parts) 


Pillow Blocks 
Piastics 
Powdered Meta! Parts 
Pulleys 
Pumps 
Liquid 


Relays 

Reproduction Equipment 

Reproduction Supplies 

Rubber 18-19, 87, 100, 111 
Rubber Parts 100, lll 
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Sheaves 
Sheets 
Rubber 103 
Silicone Rubber 
Solenoids 
Spinning 
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Coated 
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This tndeg is published as a convenience to 
PRODUCT ENGINERRINGE mes 


Allegheny Ludium Stee! Corp 
Aluminum Co. of America 
Armco Steel Corp... 
Armstrong Cork Co 
Automatic Switch Co 
Automotive & Aircraft Div 
Chain & Cabie Co., Inc 


Barksdale Valves 


98 
90 
48-49 
47 


3rd Cover 


American 


52 
46 


the readers. Bvery care is taken 


to make it accurate but 


sponsibilities for « 


U. S. Rubber Co., 
Mechanical Goods Div 
Universal Electric Co 


Varityper Corp., Subs., 
Addressograph-Multigraph Corp 


Wagner Electric Corp 
Waldron-Hartig Div., 


TRACINGS 


Midiand-Ross Corp. 
Weckesser Co. 
Wolverine Tube Div., 

Calument & Hecia, Inc 
Worthington Corp. 


Beliows-Valvair Divs., international 
Basic Economy Corp sn, 
Bruning Co., Inc., Charles 85 


Cambridge Wire Cloth Co 39 
Chace Co., W. M 86 
Chicago Rawhide Mfg. Co 2nd Cover 
Connecticut Hard Rubber Co 103 


Deico Moraine Div., 

General Motors Corp 50 
Detroit Coll Co.. 106 
Dimco-Gray Co. . 102 
Drop Forging Association 89 
Durametallic Corp 101 


PRINTS * SHEET MATERIAL 
QUICK, FILING AND WITHDRAWAL 





Depth 11% 22's 30'% 36'2 42's 


49 Tube | 49AB 49CD 4930 4936 


PHILIP G WEATHERBY advertising 1m’ emlesse 9090 012.00 91380 


manager MODEL 4 

P. F. PRITCHARD manager, market develop 25 Tube | 25A8 25CD 2530 2536 
ment 2%" 1.p,| $7.00 $9.00 $11.80 $12.80 

THOMAS R COASH circulation : 

RUSSELL T DOUGLAS business manager 


sales 


Shipping Weight 
Eastman Chemical Products, Inc.., 
Chemicals ~_ > 109 Model 49 6 Ibs. 12 Ibs. 15 Ibs. 18 Ibs 
Eastman Mf 107 
Eaton Mtg. Go. Dynamatie Div 11 ADVERTISING SALES STAFF MedhRS 6 Hs. 10 Ge, 13 he 15 te 
Enjay Chemicai Co., Div. of ENAMELED MED. GRAY 
Humble Oil & Refining Co 18-19 


Faber-Castelil Pencil Co., Inc., A. W 45 
Ford Motor Co., industrial Engine 

Dept. 34 
Formsprag Co. 104-105 


ATLANTA 3 Ray K. Burnet, 1301 
Rhodes-Haverty Bldg, Jackson 3-6951 
BOSTON 16 M. A. Williamson, Jr., eye 
350 Park Square Bidg, Hubbard 2-7160 * ee ad some 
CHICAGO 11 . Mid-Western Adv Sales 1g Brockets 
Manager, A. E. Meanor; R. W. Bruley a fy hy = ae ol 
Anderson, 520 N Michigan Ave, * SOLD DIRECT ONLY Write to Dept. BP 
Mohawk 4-5800 F.O.8. St. Cloir Shores, Mich. + PRescott 3-2515 
CLEVELAND 13 A. F. Tischer, 1164 
26.27 Iluminating Bldg, 55 Public Sq, 
30-31 Superior 1-7000 
111 DALLAS 1 John Grant, 901 Vaughn 
Bidg, 1712 Commerce St, Riverside 


General Electric Co., 

Silicone Products Dept 40 
Gleason Works 7 
Goshen Rubber Co., Inc 100 L 
Gries Reproducer Corp 103 


Hansen Mfg. Co., Inc 106 

Hercules Powder Co 
Cellulose Products Div 

Howard Industries, Inc 


Imperial Tracing Cloth 
industrial Tectonics, Inc 109 
International Nickel Co., Inc 2 7.5117 


Kohler Co., Engine Div 41 DENVER 2 


Ledex, Inc ee Bldg, 
Link-Belt Co. 


John W. Patten, Tower 
1700 Broadway, Alpine 5-2981 
DETROIT 26 P. B. Robinson, 856 

Penobscot Bldg, Woodward 2-1793 
HOUSTON 25 Gene Holland, W-724 

Prudential Bidg., Jackson 6-1281 
LOS ANGELES 17 Robert Obenour, 

1125 West 6th St, Huntley 2-5450 
NEW YORK 36. . B. K. Adams, F. J 

McKinley, 500 Fifth Ave, Oxford 5-5959 
PHILADELPHIA 3 D. G. Jones, K. § 

Willadson, 6 Penn Center Plaza, Locust 

8-4330 
PITTSBURGH 22 .. C. F. Leveroni, 4 
Painut Co., Div., United-Carr Gateway Center, Express 1-1314 

Fastener Corp 84 ST LOUIS 8... R. W. Bruley, 3615 Olive 
P -R lute Di f . 

‘Charies runing Se. tn 91 St, Continental Bldg, Jefferson 5-4867 
Paramount Die Casting Co 110 SAN FRANCISCO 4 W. C. Woolston 
Penn Metal Co., Inc 10 
alias I tvemniiond. ine.. tiv.. Assert 68 Post St, Douglas 2-4600 

can Machine & Foundry Co 5 BSCRIPTIONS, Send ipt esponde bu 
i wh Closures Cc Ine Caplugs $3 PRODUCT ENGINEER - : om t 

la ager promptly Ms hange of address hu ting by” isn’t good enough 
Rockford Clutch Div., r address. label — cent issu t maga: > ho ge head read regu- 

‘Sere- Warner Pac 28 : bel Men who get ahead read regu 
Rockwood Sprinkler Cc Div., 

Gamewell Co. 13 
Roll & File Systems, Inc 113 
Roper Hydraulics, Inc 88 


McGraw-Hill Book Co., Inc 
McLouth Steel Corp 
Marman Div., Aeroquip Corp 
Martin-Decker Corp 
Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co 9 
Miller Fluid Power Div., 
Flick-Reedy Corp. 51 
Miniature Precision Bearings, Inc 92 


read more 
...earn more! 


New Brunswick General Sheet Metal 
Works 102 

Nicholson & Co., W. H 96 

Norton Co., Refractories Div 97 


Ortman-Miller Mach.ne Co 43 


Most of us recall at least one class- 
mate who “never cracked a hoo) 
somehow got by. But today 


business and industry 


larly and well and particularly 
the McGraw-Hill specia 


cation that is 


ized publi- 


edited selfishly for 
ICERS OF THE Ft sor 

Speco, Inc. President; Shelton Fist os Traendt them 
Spincraft, Inc - ’ Recently, 
Square D. Co ‘ : ' ¥ . R. Ver ne 2 
Stoner Rubber Co., !nc 111 . resident ond . m 3 eC ra , — te we _~y ? 1 showed that men who meer 
Stratos Div., Fairchild Engine & ept 1 t 

Airplane Corp 


Like this one for you, 
research in another 
hours a week in reading busi 


ness magazines earned an average 





Thiokol Chemical Corp : r 
Timken Roller Bearing Cc 4th > > . 
Tinnerman Products, Inc ; ; om who 
Twin Dise Clutch Co I Ebx ss Mg 


» percent more than those men 
spent only an hour in reading. 
It makes sense in your business, 


doesn't it? 


United Electric Controls Cx sis too i 


U. S. Graphite Co., Div 
Wickes Corp. 


of the 
Men who read wore...earn more! 
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AN EXTRAORDINARY PUBLISHING ACHIEVEMENT OF OUR TIME! 


AERONAUT 
AIRFR 
AGRICUL 
ANIMAL 
PLANT 
ANIMAL 
ASTRONO 
ATOMIC, M 
NUCLEAR PHY 
BIOCHEMISTRY 
BIOPHYSICS 
CHEMICAL ENGINEERING 
ANALYTICAL CHEMISTRY 
INORGANIC CHEMISTRY 
ORGANIC CHEMISTRY 
PHYSICAL CHEMISTRY 
CIVIL ENGINEERING 
COMMUNICATIONS 
CONSERVATION 
CONTROL SYSTEMS 
CYTOLOGY 
ANIMAL ECOLOG 
PLANT ECOLOGY 
ELECTRICAL 
ENGINEERING 
ELECTRICITY 
ELECTRONICS 
FLIGHT SCIENCE 
FOOD ENGINEERING 
FORESTRY 
GENETICS & EVOLUTION 
GEOCHEMISTRY 
PHYSICAL GEOGRAPHY 
SURFICIAL AND 
HISTORICAL GEOLOGY 
GEOPHYSICS 
GRAPHIC ARTS 
GROWTH AND 
MORPHOGENESIS 
HEAT 
INDUSTRIAL AND 
PRODUCTION ENGG 
LOW TEMPERATURE 
PHYSICS 
MACHINE DESIGN 
MATHEMATICS 
MECHANICAL 
CLASSICAL M 
METALLURGICAL 
ENGINEERING 
METEOROLOGY AND 


MEDICAL MICROBIOLOGY 

MINERALOGY AND 
PETROLOGY 

MINING ENGINEERING 

NAVAL ARCHITECTURE 
AND MARINE ENGG 

NUCLEAR ENGINEERING 

OCEANOGRAPHY 

OPTICS 

PALEONTOLOGY 

ANIMAL PATH 

PLANT PATHOL( 

PETROLEUM CHEMISTRY 

PETROLEUM ENGINEERING 

GENERAL PHYSIOLOGY 

PLANT PHYSIOLOGY 

SOLID STATE PHYSICS 

THEORETICAL PHYSICS 

PLANT TAXONOMY 

PROPULSION 

PHYSIOLOGICA 


FXPERIMENTA 


The Entire Span of Today’s Scientific, Engineering 


fs and Technical Knowledge Encompassed in a Monumental 


Reference Work Containing 8,500 pages of Text, 
800 Index Pages, 7,200 Articles and 9,700 Illustrations 








includes developments so recent they are still major ee 


The New 
McGRAW-HILL 


- ENCYCLOPEDIA OF 
SCIENCE and TECHNOLOGY 


2,015 Contributors, including Nobel Prize Winners, Respected Leaders of Research and 
Industry .. . Over 6,000,000 Words — from Concise Articles to Amazingly Comprehensive 


Treatments . . . 100,000-Entry Index .. 


. a Wealth of Maps, Charts, Diagrams, 


Drawings, Photographs ... many more than in any comparable work of reference. 


N epoch-marking publishing venture — pro 
A viding up-to-date, authoritative information 
on all the sciences of our day — is being com 
pleted. The new McGraw-HiILL ENCYCLOPEDIA 
OF SCIENCE AND TECHNOLOGY will make readily 
accessible within its 15 volumes a vast fund of 
knowledge covering hundreds upon hundreds of 
subjects dealing with the whole spectrum of the 
physical sciences, life sciences, earth sciences, 
and engineering 

This major work fulfills a prime need of the 
scientist, the engineer, the technician — whether 
concerned with pure research or practical ap 
plications whether his work is of a design or 
operating nature — whether he wants to review 
or keep abreast of the vastly enlarged knowledge 
of his own field or must bridge the gap between 
his specialty and unfamiliar areas into which 
his work leads him 


Unequalied in Timeliness, Clarity, Depth 


This unique library makes it possible for you to have 
iS near as your office, laboratory, plant, or home an 
ill-knowing corps of specialists to which you can turn 
for precise, authoritative information. You can get 
answers to specific questions raised through daily pro 
fessional activities or simply explore in a random way 
the universe of today’s scientific, engineering, and 
technical knowledge — distilled into 7,224 compre 
hensive articles. Whatever your own field, whatever 
field your work is related to, you will find it here 


A Work of Unsurpassed Authority 
The names of the contributors read like a “Who's 


Who” of the world’s scientific community. All are 
recognized specialists — in many instances, articles 


were written by the very person credited with new 
discoveries and developments in a given field. Among 
them are Nobel Prize Winners and others who have 
distinguished themselves for their original and sig 
nificant work 
Nothing comparable in breadth of conception, in 
authority, in usefulness, has ever before been offered 
work of this kind. As an all-embracing 
reference or a practical working tool, this 
Encyclopedia belongs in the home and professional 
library of everyone with an interest in science and 
engineering. An annual Supplement Volume keeps 
f ‘ s up to dat 
By reserving 
the bens 


ima reterence 
general 


vour first edition set now, you tu 
t of a special money-saving introduc 


tory price. Mail the coupon for full details 


r—--KZ GSE 


| McGraw-Hill Book Company, 

| 327 West 41 Street, 

New York 36, New York 

without obligation 
McGaraw-Hit 


al 


Dept. PE-7-18 


Please send me your pre-view 
ENCYCLOPEDIA 


volumes 
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SCIENCE » TECHNOLOGY in I also de 
tails of your introductory price offer and terms of 
payment N tleamar n ‘1 ) 
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ABSOLUTELY TIGHT SEATING! 


WITH ASCO POPPET TYPE 4-WAY SOLENOID VALVES 


Dead tight shut-off—even on air—is assured 
in these four-way valves through poppet ‘ Operation: ASCO Single Solenoid 4-way 
seals. and by a unique combination of metal , Valves are power-driven in both directions 
to metal and resilient seating. No lapping, by line pressure hen the solenoid i 
a de-energized, line pressure applied to the 
top of the piston core forces it off the seat, 
—no binding or leaking can occur. Short : eliminating possible sticking due to re- 
piston dise assembly travel, basic design , Ta sidual magnetism. Line pressure is applied 
} to Chamber A, moving the piston-dise as- 
sembly to the left. When the solenoid is 


grinding or close adjustments are necessary 


simplicity eliminate maintenance problems. 


fo wer , A »nergized, Chamber A is exhausted and 
ASCO 4-way Valves are available in % a3 ——— — pore ing sspe 
‘ or line pressure drives the piston to the right 

: Single solenoid type (illustrated) operates 
proof or water tight enclosures. They can when solenoid 1s energized; returns auto- 


through 1” sizes, in standard, explosion- 


be mounted in any position, and permit cuenieres —_—— matically when de-energized. 
cycling rates to 850 per minute. 


New! Catalog No. 202 covers the 
ASCO line of Solenoid Valves. 
Write for your copy today. 


For Immediate Delivery 
World’s largest stock of 
Solenoid Valves. A complete 
Solenoid Valve Stock List will 
be sent to you with your copy 
of Catalog No. 202. 

Dual Solenoid (Bulletin 8344): operates J.1L.C. Construction (Bulletin 8346) ASCO 

when either solenoid is energized; will Single and Dual Solenoid Valves can be 

not return until opposite solenoid is en- furnished to Joint Industry Conference re- 

ergized (single solenoid types return when quirements—valves are provided with sub- 

de-energized ye In dual solenoid valy es, sole plates, vapor-prool solenoid enclosures, and 

noids may be energized continuously or manual overrides, and are electrically in- 

momentarily. operative with the cover removed. 


ASCO Valves 
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HOW JOY MOUNTS IDLERS TO 
FIGHT WEAR FROM DIRT AND DUST 














By designing their Limberoller® two-bearing, single- 
unit catenary idlers to use Timken® single-row 
tapered roller bearings (see above), Joy Manu- 
facturing engineers reduce bearing failures caused 
by dirt, dust, moisture . . . assure spillage-free 
conveying and trouble-free idler performance. 
Timken bearings hold the idlers on center at 
all times, increase sealing efficiency. Idlers roll 


ENGINEERING SERVICE FOR THE 


easily under heaviest loads, belt moves smoothly. 

On these applications, Timken bearings assure 
minimum maintenance, long bearing life because: 
1) They hold shafts concentric with housings, 
making closures more effective in keeping lubricant 
in, dirt out. 2) The tapered construction of Timken 
bearings lets them take radial and thrust loads in 
any combination. 





Industry rolls on 
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tapered roller bearings 











ASKING. Let our Timken bearing 
salesmen—graduate engineers— 
tackle your bearing problems, solve 
them in a hurry. Save you—time and 
money. 


CIRCLE 203 ON READER SERVICE CARD 


ROLLS FOREVER IN PERFECT CIRCLE 
on oscillating table, proving the ac- 
curacy of its taper. Another demon- 
stration of Timken bearings’ precision 
manufacture that assures trouble-free 
performance. 


The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 
“TIMROSCO””’ Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Remov- 
able Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 
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